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(54) Itiput/ouput characteristic meaaurement method and apparatus for display device 



(57) A dfeplay control untt (31 ) reads out a dot pat- 
tern image from a pattern innage data holding unit (30) 
and a grayscale pattern image contalnir^g a plurality o/ 
grayscale patchy of gradually varying gray scale from 
a grayscale Image data holding unit (32), and presents 
the thus readout images for display on a display device 
(14). A user selects ^a grayscais patch havkig bright* 
nass closest to the brightness of the dot pattern image 
by operating a selection unit (16). Based on the eelec- 



tion, a gamma coefficient value is calculated by a gam- 
ma coeffk:ient value calculation unit (36), and based on 
this gamma coefficiwit value, a profBe creation unit (38) 
modifies an Inteinational Color Consortium (ICC} profile 
held in a common Information holding unit (39) and thus 
creates a customized ICC profile. 

Such apparatus can create an ICC profile In a sin> 
pie nDanner without using a specialized measuring In- 
strument. 
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Description 

[0001] The present invention relates to a terminal that has a Keyboard and a display tor a user to communicate with 
a data processing system or the like, and thai adjusts the color reproduction of the screen of a display device. 
5 [0002] The invention also relates to an input/output characteristic measurement method and m input/output char- 
acteristic calculation apparatus for obtaining the Input/bulput characteristics, i a . the electro-optical conversion char- 
aoteristica. of a display such as a CRT display device or a liquW crystal display device. 

[0003] The invention further relates to a display profile creation method and disjirfay profile creation apparatus Jqr 
creating a profile relating to the cotar appearance ot the display device. 
10 [0004] Furthermore, the kwenlion relatea to a display calibration method and calibfBlion apparatus that enable ad- 
Justmer^ts relating to the profile, etc. of the display device to be made b a simple manner 

[bOQS] The present invention further relates to a lecording medum recording a progiam that may advantageously 
be used, for example, when adjusting the color appearance, etc. of a screen or when catoulatfrig the Input/output 
characteristics of a display. 

rs [0006] V\rith increasing prevalence of highiserformance peidonel computers {hereinafter, personal computers may 
also be referred to as PCs) and the decreasing prices of image input devices such as scanners and image output 
devices such as color printers, the opportunities for individuals to handle color images aie increashg. Howrevei; as 
more bidividuaia have come to handle color images, color reproducibiiily is becoming a problem. That is, the problem 
cortcerre the difficulty in color matching between an original Image and an image produced on a tflsplay, or between 

so an original image and an image printed by a printer, or further between an image produced on a display and an image 
printed by a prBilen Such a problem arises because color characteristics such as a color producing mechanism and a 
color gamut differ tjetween different input/output devices. 

[0007] A color management system (hereinafter sometimes referred to as the CMS) Is a technique for matching color 
appearance between dlflerent input/output devices such as displays, scanners, color printers, etc. Using the CMS. it 
25 becomes possible to match color appearance between an image read by a scanner and an image displayed on a 
display and also t>etween such an Image and an image output by a color printer, and an image processing system can 
be constructed that does not give the user the feeling ol unnaturalness about the color appearances of the various 
Images output from <fifferent input/output devices. 

{00081 I ^ recent years, H has become common to BTCorporate a CMS framework at the operating system (OS) level. 
30 such as ICM (Image Color Matching) t 0 in Windows 95 and ColorSync 2.0 in the N/fe»cintosh environment. Manufac^ 
turers of input/output devices provide users with device profiles confomiing to ICM 1 0 or ColorSync 2.0 so that the 
users can view color images witfwut unnatural cfifTerences In color between images produced by different image output 
devices, for example, an image produced on a display and an Image printed by a printec 

[0000] Device proHles for ICM 1 0 and ColorSyrw 2.0 conform to the ICC profiles proposed by the Internatiora) Color 
3S Consortium (ICC), With manufacturers of InputAsutput devices providing device profiles conforming to the ICC Profile 
Specification, users, w\ the Windows environment and the Macintosh environment alike, can obtain images free from 
unnaturalness in color appearance and can use vi^rious inputtoutput devices without having to worry about differences 
in color appearance 

[0010] When using a CMS In a computing envfronment today, the ICC profHes are generally used as informallon 
40 holding the characteristics of input/output devices. 

[0011] Figure 51 conceptually shows the format of an ICC proffle ip. Figure 52 shows dump data in hexadecimal to 
illustrate the format of the ICC profile Ip in a specific example- 

(0012] As shown in Figures 51 and 52. the ICC profile Ip consists of a fixed length 128-byte profile header Ph con- 
taining inf omiatlon on the profile itself and information c»i the target device (inpulAxilput device), a variable length tag 
45 tablo Tt indicating what Information is stared where, and tag element data Ted of variable length containing actual 
information 

[0013] In the ICC profile Ip, each necessary data element is described within the tag table Tl using a 12-byte tag 
consisting of a 4-byte signature tag Ta» a 4-byte storage acWress tag Tb, and a 4-byto size tag Tc indicating the size 
of the data element A 4-byte tag count tag Tn at the head of the tag table Tl contains a count of the number of tags, 

so (n), ffi the tag table itself. It is therefore seen that the total number of bytes in the tag t^le Tt is given by 4 +- 12n bytes. 
In the example of Figure 52. the tag count n is 4 (that Is, 00000004h (h indicating hexadecimal notation)). 
[0014] To describe In further detail (he contents of the first 1 2-byte tag labeled profileDescriptionTag PDT (see Figure 
62) follcwing the 4-byte tag count tag Tn in the tag table Tl. the first four bytes (6466 7363} as the signature tag Ta 
indicate information (name) unique to the pfofite. and the next four bytes (0000 0064) as the storage address tag Tb 

S5 represent the starting address (row b and column 4) in the tag element data Ted. The last four bytes (0000 0074) as 
the size tag Tc show that the data size is 74h = 1 1 6, The tag element data Ted having the size of 7^^ Is also a Profile 
Description Tag PDT and contains Infomiatipn (nanne, etc ) unique to the profile. 

(001 5} TTie tag element cbta Ted specified by the next 1 2-byle tag labeled mediaWhilePc«ntTag (also referred to ^s 
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wtptTag) wtpt contains CIEXYZ values of white (w). The tag alementdata Ted specified by the next 12-byte tag labeled 
redCotorantTag (also referred to as rXYZTag) rXYZcontaine noimalized CIEXY2 values of red (r) Th9 test 12-byte 
lag labeled rodTRCTag (also relerred to as rTRCTag) rTRC stores input/output characteristk: values of red (r); in the 
example of Figure 52, values of 16 points are stored in the last 32 bytes (two bytes for each point), in the CCC profile 

s ip, the stored CIEXYZ values are normalized with respect to the standard illumlnant of D50; 

[001 q Figure 53 shows the color gamut of a display, 8u<:^ as a CRT display, ptatled on an u', v' chromaticiiy diagram. 
In Figure 63, the hprseshoe-ehaped region containing the triangle tx>unding the range of reproducible colors (color 
gamut) indicates the limits of chromatlcities distinguishable by the human eye. Figure 54 shows an example CIEXYZ 
rrieasurennents Further, Figure 55 shows an example of the gamma chaiacterisiic (elecino-opticai conversion chaiac- 

10 teriatic) as an input/output chanacterlstlc of a display. 

(001 7] In the case of a display. If the a EXYZ values (see Figure 54) when the piimary colors R, G. and 8 are at their 
maximum values (Rmax. Gmax. end Bmax), as shown In Figure 53. and the'lnput/output characteristic for each of the 
R. G. and Bcolois. such as shown in Figure 55, are known, then a gamma coefficient value can be calculated using 
the gamma coefficient calculation formula (lEC 1 366-3) shown In equation (1 > below defined by the International Elec- 

is troiechnlcal Commission (i£C), and the display characteristice of the display c&n be detemnined using equations (2) 
to (5) below which are Known l&iear conversion equations Here, the CIHXYZ values of the G, and B colors define 
the rango of reproducible colore (color gamut), and the input/ou^ut characteristic of the disptey is represented by the 
gamma char^teristic. 
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Where 

Pi = ioQioXi (X| = Input voltage) 
^ qi s log^oy; {yi display luminance) 




In equation (1), X{ represents the value of Input voHage and yi the value of displayed lumbiance. 

X = X/(X+Y^^2) (2) 

y-Y/(X+Y+2) (3) 

u's*4X/(X+15y+3Z> (4) 

V' = 9X/(>^+15Y.^32) (5) 



[0018] As earlier described, in the ICC profile Ip for a display, the CIEXYZ values of the R. G. and B colors (retei; 
for example, to Figure 54) are stored in the rXYZ. gXYZ> and bXYZ tags (in Figure 52, the rXYZ tag is shown as an 
ss example] as Information indicating the range of reproducjt>ie colors As for the gamma characteristic, the inputfoutput 
point values for the Fl G. and B colors are respectively stored 'vrt the rTRC, gTRC. and bTRC tags. Wien the number 
of points in the tag is 0, it means that the g^ma coeWtcient for that color is 1 ,0, and when the number of points is 1 . 
the gamma coefficient value itself is stored. When the number of poir^s is 2 or larger, the same number of tnputroutput 
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pornt values as the number of points are stored In the example of Figure 52. input/output point values for 16 points 
are stored in the last 32 bytee, and 16 output values are shown for 16 inputs dividing the section 0 0 to 1 .0 ml 8 equa! 
parts i e 0 1/16 2/16, , 15/16 fn other words, when the stored data elements are Y^, Yg, . ^. Yn. for exampfe. (in 
the exarrile of Figure 52, n = 16), relations (Input output) = (CVn, Y,). (1/n. Yj). ((n-1 )/n, Y^ are stored. 
s [00101 lr» addrlion to the above, the C1EXY2 values (refer, for example, to Figure 54) when whfte is at its maxinnunfi 
value (Wmax) are contained in the wtpt tag as the standard white aiformation of the display 

r00201 In ttie ICC profile Ip foi a display, it is usual practice to store these seven Items of information (the nornnaf ized 
CIEXYZ values of the R. G, and B colons, the input/output point values for the a G. and 8 cotors. and the normalized 
maxffnum value Information of whfte). These seven items of information can be obtained by displaying colors on the 
10 display based on color data, and by measuring the displayed fuminance and.CI.EXYZ values using a measunng instru- 
ment (cotoilmeter such as a ^ectrofadlometer). Usually, at the nnanutacturer. a reference display is prepared and. 
using the just rhentloned measuring fristrument. the luminance and CIEXYZ varies of displayed colors are measured 
on the reference display; based on the obta&ied values, an ICC profile Ip is created whit^ Is supplied to the user. 
[0021] When creating a pioflle, such as the ICC profile Ip. lor a dJsplajft the inputtoutput characteristics of the display 

T5 must be measured • ^^^*u« 

[00221 For example, when a manufacturar delivers a new display unit to a user or performs cokw matching on the 
existing display unit that the user has. the practice has been such that the manufacturer's staff carries color data of 
measurement colors to be displayed on the display unit, an a«3Hcation for displaying colors from the color dat^ a 
signal generator for directly displaying colors on the display unit, a measuring mstrument tor measuring the cotors 

20 displayed onthe display unit. etc. to the user site and, usingthese resources, measures the input/output c^iaracteristics 
of the display unit Then, based on the measurement results, the manufaciurer-e staff calibrates the display unit or 
creates a profile for color display correction for the display unit and installs It on the system in which tfjo display unit 
is used 

r0023J Of course, the cafibratton of the display or creation of a profile tor the display may be done at factory before 
zs shipment or by sending the user's display unit to the factory, but since colors displayed on the display are greatly 
Infltinced by the reflection of ambient lighting (surrounding light) on the dteptay, it Is desirable that the display setup 
or the creation of the profile be done at the sfte where the display « actually used, that is. at the user site. 
[00241 Further the display calibration worK by the manufacturer as described above would be costly and not practical 
for ofdlr»ary users who use their peraOTal computers in their homes. Therefore, in most cases, a prc^ile that comes 
30 with a purchased display unit or a profile conforming to the ICC profile Ip and Included as standard with an operating 
system such as Windows 95 18 used as the profile data for the cfisplay. 

[0025] IWanufacturers display Images on a reference <«splay using various image data, measure luminance and 
chfomaticay on the display surface using a speciaUzed measuring instrument, create a profile for color conversion, 
and supply the created profile to users. ^ 
as [0026] However, not all display manufacturers provide profiles, and furthenmore, even In the case of a display shipped 
with a profile, the attached profile may not match the display used because of variations among individual display units 
or may become unusable because <rf aging or o^er factors. 

[00271 On the other hand. 9 the user desires to calibrate his display by himself, he wiU need a measunng instrument 
lor messumg the luminance and chromaticlty on fhe display and Image data (special data used tor calibration, also 

40 called reference data) for displaying images on the display for the measurement. 

[002SJ Color calibration of a display requlroa the use of caltoratlon Image display data as reference datefor collecltfig 
display calibration data and a measuring instrument for measuring the displayed image. Goto- reproductkw on the 
display must account tor the effects of surrounding light, such as ambient lighting, as well as the color display charac- 
teristics unique to the display used ... ^ * 4 

45 [002&) Accondingly, it has been common practice tor the man uf acturer^s staff to carry a special measunng Instrument 
and oiher resources to the user site and caltorate the user^s display on site, 

[0030] However since the task of creating a profile by measuring the display using a measur&ig instrument involves 
extremely complicated procedures, the display calibration work has been a cost bcreaaing factor for both the manu- 
facturer and the user. , . . . ^ , 
so [0031] For users who cannot afford the expense of display calibration using professional equipment, the only choice 

left is to use profiles provided by ffie rr^anufacturer 

i6oA2] Howevei the color output of a display varies depending on the environment where the display is used, the 
production tot, ag^g. etc Furthermore, because of variations among Individual units, there Is no guarantee that the 
profile provided by the manufacturer will always match the user's display. 
ss [0033] Accordbigly. if a profile is to be (Stained thai matches the user's display, a profile must be created from the 
color display characteristics of the usei's cfisplay itself. 

[00341 if the user desires to create a profile fdr his own display, however, he w8I need a speciaiired measunng 
instrument for measuring the luminance and chromatlctty on his display and reference data for displaying images to 
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obtain measuremant data; the prot^tenn here is, as earlier de&cribed, such a measuring instrumsnl is expensive and 
noi readily purchasable by an individual user Furthermore, the reference data forobtalning measurement data is quite 
special, and data suitable for use as such reference data has not been made public. 

[003$] On the other hand, display characteristics not only vaiy depending on the make and model, but also differ 
S even between unite ol the eame model, depending on the lot number, the length of time used, the use environment 
(particulariy, fighting environnf^nt), etc. tt is therefore not too much to say that each indiviciual display unit has unique 
display chaiBotenstk;8. 

[003$f] Accordrngfy. creiation of a profile such as one conforming to the tCC profile format requires that the display 
characteristics uniqud to the display be measured and the measurement results be reflected into the profile, but for 
10 reasons of cost, space, etc., It Is difficult for an individual user to own a measuring instrument enable of measuring 
the display characterlstfcs of a disptey, and the user ends up being un^le to create a pn^fe for hi^ display, that is. a 
profHe unique to his own display. 

[0037] It is therefore desirable to address the above-enumerated problems. In particular, It Is desirable to provide a 
Germinal that makes it possible to measure in a simple rnanner the Tiputtoutput characteristics; Le., die electro-optical 
IS conversion characteristics, of a display such as a CRT display device or a liquid crystal display device attached to it. 
[00^] tt IS also desirable to provide an input/output characteristic measurement method and Input/output chamc- 
ter^io calculation apparatus for a display device that enable the input^utput characteristics to be measured and cal- 
culated in a simple manner at the user side. 

[0039] It is also desirable to provide a profile creation method and profile creation apparatus for a display device that 
so enable the user to create a profile relatirtg to the color appearance of the display without using a specialized measuring 
instrument 

(0040) It is also desirable to provide a calibration method and callbratbn apparatus for a display device that enable 
the user to perform calibration relating to the profile, etc. of the display without the need for special reference data 
[0041} It is also desirable to provide a recording medium recordtng a program that makes h possible, for example. 

2S to ac^t the color appearance, etc. of a screen, or to calculate the ^put/output characteristics of a display. 

[0042] A terminal emtKXtying a first aspect ot the present inventior? is configured to simultaneously display on a 
dlsf^y device: a |3£ittern image region consisting of firsi pixels of first luminance and secorid pixels of second lumlnarK:e 
fn prescribed proportions to provide prescribed luminance by an average lum&Tance value taken over the first and 
second pixels; and a grayscale Image region consisting ot pixels of unifomo.luminancel According to this conilguratron, 

30 an input/output chaiacterrstto of the display device can be measured in a simple manner based on the displayed resulte. 
[0043] In this case, tiie input/output characteristic measurement csn be further ssmplified by subdividing the grayscale 
image region into smaller regions ^ach havhg different luminance. 

[0044] It is also possible to turner simplify the input/butpul charactedstic measurenrtent t>y providing regularity in the 
arrangement of the firBt ahd second pixels In the pattem irhage regton. 

3S [0045} An input/output characteristic measurement method embody^g a second aspect of the present invention 
c<MT9rise8; a displaying step for simultaneously displaying on a display device a pattem image consisting of a plurality 
of cok»s and a grayscale inrtage consisting of a single color lying between the plurality of colors used tor the fomnatlon 
of the pattem image, and an tnput/output characteristic derhring step for obtainflng an Input/output characteristic of the 
display devk^e based on the displayed Images Since the pattern image arKi grayscale image are displayed simutta- 

40 neousty, the Input/output characteristic can be calculated easily. 

[0046} In this case, if the pattem Image Is displayed as an image consisting of first pixels of first luminance and 
second pixels of second luminance in pr escnTjed proportions to provide prescribed luniffiance by an average luminance 
value taicen over the first and second pixels, and the grayscale image is displayed as an image consisting ot pixels of 
uniform luminance, the inp.utAoutput character istki can be obtained easily. 

^ [0047] For example, a grayscale pattern Image containing a plurality of grayscale patches of gradually varying gray 
scale may be displayed on the display device, simultaneously with the pattem image, or alternatively, while keeping 
the pattem Image displayed oo the display device, the grayscale patch images fomiing the grayscale pattem image 
' may be sequentially presented for display one at a time. 
[0048] In a preferred mode, the pattern vnage is displayed as a dot pattem image consisting ot black pixels and 

50 white pbceis and the grayscale image as a grayscale pattem image containtfig a plurality of patches consisting of gray 
pixels with the gray scale varying In steps from one patch to the next; then, the patch having brightness closest to the 
brightness of the dot pattern tmage is selected from the grayscale pattern Image, and the input/output characteristic 
of the display device is obtained based on the selected patch. In this way. the input/ou^ut characteristic of the display 
devk^ for gray color can be obtained easily 

ss [0049] Further, by displaying the pattem image as a dot pattem image consisting, for example, black pixels and 
non-black pixels and the grayscale Image as a grayscale pattern Image contaif\tng a plurality of patches consisting of 
like non-black pixels with the gray scale varying in steps from one patch to the next, the tnputfoutput characteristic for 
ari arbitrary color can be obtained. 
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[0060] Furthermore, 3 R, Q, and B colors, tor example, are sequentially seJected as the color of the non-black pixels 
in the dot pattern Image white sequentially presenting the grayscale image pattern of the same color as the selected 
color, the inputtoutpirt characteristic for each of the R G, and B cofore can be obtained 

roWl] Moreover, the input'output characterlaUc obtained for white color or a predesignated non-black coJor (which 
s may include any one of the a and 8 colore), for example, may be eubetitirted for all or pan oT the jnput^tput 

characterierics for the a and B colors. . .u. . . 

[0C»21 1 f the dot pattern image ie displayed as a checkerboard pattern imago consisting, for exant^le. of black pixels 

and non-black pixels, the imago can advantageously be used for sequanllal scan type displays. 

i<3(&3l By determriing the displayed size of each color of the checkerboard pattern Image according to the resolutior* 
to of the display device, an artifact such as moire can be prevented from being generated in the displayed image, and 

the measurement can thus be made easily. 

[0054] If the ratio between the black pixels and non-black pbceis In the dot pattern image Is sot at a value other than 
1 1 , the generation of moire, etc. In the displayed image can be prevented more etf ectfvefy 

lOOSS] By determining the black^non-blac k pixel ratio according to the resolution otthe display devtee, a dot pattern 
75 image optimized for the display device can be produced. 

[0056] The input/output characteristic obtained in the at»ve method is, for example, the gamma characteristic rep- 
resenting the electio^ptfcal converBion characteristic of the display device. The method can thus be applied to almost 

all types of display device- , » , , * 

rooST] In another prefeired mode, the pattern image is displayed as a str?>s pattern image conslstrng <^ lines of first 
20 pixels of first Uiminanca and lines of second pixels of secCTid luminance, the lines running parallel to the horizontal 
scanning directfon of the screen of the display device, and the grayscale image is displayed as an image consisting 
of pixels of uniform luminance This senses to eliminate tt^e diflerence between the density represented by a data value 
and me actually displayed density that occurs, for example, due to the horizontal scanning frequency of a raster scan 
type display device. 

es roam For example, the lines consisting of the first pixels of the first luminance can be constructed from lines of black 
pixels and the lines consfeting of the second pixels of the second hjmlnance from lines of white pixels. The same effect 
can also be obtained if the pattern image is displayed as a stripe pattern Image consisting of lines of black pixels and 
lin(^ of non-black pixels/the nnes running parallel to the horizontal scanningdirecti^ 

[0059] In an input/output chatacteristic calculatkjn apparatus «inbodylng a third aspect ol the present Invention. 

3Q display control means presents the pattern image ar^ grayscale image simultaneously for display on the display device 
based on the pattern image data and grayscale Image data read out pattern image data holding means and grayscale 
image data homing means, and inpuVoutput characteristte calculation means obtains the inputAautput characteristic of 
the display device based on the display ol the pattern image and grayscale Image. Since the pattern image and gray- 
scale image are displayed simultaneously, the input/output chairacteristlc can be easily calculated. 

3S [0060] In this case, a grayscale pattern image containing a plurality of grayscale patches of gradually varying gray 
scale, for example, may be displayed on the display devfca, simultaneously with me pattern Image, or alternatively, 
while keeping the pattern Image dl^layed on the display devfce, the grayscale patch frnages forming the grayscale 
pattern image may be sequentially presented lor dsplay one at a time, 

[00613 in a preferred mode, the pattern image Is displayed as a dot pattern image consisting black p«efs and 
40 White pixels and the grayscale image as a grayscale pattern imago containsng a plurality ot patches consisting of gray 
pixels with the gray scale varysig in steps from one paten to the next; then, the patch having brightness ctosest lo the 
brightness of ^e drt pattern Image is selected from the grayscale pattern Image, and the inputtoutput characteristic 
of the di^lay dsvfce is obtained based on the seleclad patch, in this way, the input/output characteristic of the display 

devtee for a gray can be obtained easily , . i 

4S TOOGSl Further, If the pattern fena^ displayed as a checkerboard pattern imago consisting, for example, of black 

pixels and non-black pixels, the bnage can be acfvantageously used, for example, for sequential scan type displays. 

[00631 By determining the displayed size of each cok>r of the checkerboard pattern image according, tor example. 

to the J. esohition of the dteplay device, an artifact such as moire ca^ be prevented from being generated in the displayed 

Image. arKJ the measurement can thus bo made easily. 
60 [0064] Further^ if, for example, the ratto between the black pixels and non-black pixels In the dot pattern image rs set 

at a value other than 1 1 . the generation of moire, etc in the displayed image can be prevented more efleciiveiy 

[006S] Furthennore, by determining the WackMon-black pixel tsXtQ according, for example, to the resolutfon of the 

display device, a dot pattern Image optimized for the cfispteiy devtee can be produced. 

[0066] The input/output characteristic cafculated by the apparatus Is, for example, the gamma dTaracteristk: repre- 
ss senting the sleciroK>ptical conversion characteristic of the display device. The apparatus can thus be applied to almost 

all typesoldispfay device. . • ,r * 

[0067] i n another preferred mode, the pattern image is displayed as a stripe pattern image consisting of lines of first 
pixels of first luminance and lines of second pixels of second luminance, the Ikies running parallel to the horizontal 
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scanning direction of the screen of tfie display device. This serves to eliminate the difference between the d^sfty 
represented by a d^a value and the actually displayed density that occurS: for exampie. due to the horizc^tal scanning 
frequency of a raster scan type display device. 

[0068] When me pattern fmage is displayed as a stripe pattern image consisting, for example, of lines of black pixels 
5 and Ifnes of white plxeJs, the lines running parallel to the horizontai scanning direction of the screen of the display 
device, it becomes possible to eliminate the difference between the derially represented by a data value and the actually 
diepJayed density that occurs, for eocan^fe, due to the horizontai scanning liequency oi a raster scan type display 
device The same eflect can also be obtained If the pattem image is displayed as a stripe pattern Image consisting erf 
lines of black pixels and lines of non-black pixels, the lines' running paraifef to the horizontal scanning direction of the 
w ^reen of the display device . * 

[OOesj If, for example, the dot pattem image or the stripe pattern image, whichever is sutlabte. can be selected for 
disptey as the pattem image, the apparatus can be applied to a wkie variety of display devices, 
[0070] In a profile creation method for a display device embodying a fourth aspect <rf the present invention, the pattern 
image and grayscale image are displayed on the display device, an Input/output characteristic is obtained based on 
IB the display of the pattern image and grayscale image, and the profile of the display device Is created based on the 
obtained input/output charBcteristtc. Since the pattern image and grayscale image are displayed simultaneously on 
the cBspiay device, the profile of the display device can be created fn a simple manner 

[0071] In this case, if the pattem image is displayed as an image consisting of first pixels of first tuminanoe and 
second pixels of second luminance in prescribed proportions to provide prescribed lumaiance by an average luminance 
so value taken over the tiret and second pixels, and the grayscale image is displayed as an image consisting of pixels ot 
uniform luminance, the profile of the display device can be created in a simpler manner 

[0072] In a prefen-ed mode, the pattem image fe di^layed as a dot pattern image consisting of black pbcels and 
white pixels and the grayscale Image as a grayscale pattem image certain ing a plurality of patches consistirrg of gray 
pixels with the gray scale varying in steps from one patch to the next: then, the patch having bris^itness closest to the 

25 brightness of the dot pattem image le selected from the grayscale pattern fmage. and the input/output characterislk: 
of the display devtee fs obtained based on the selected patch. In this wa^ the InputAsulput characteiistk? of the display 
devk:e for a gray ccAof can be obtained easily, and a profile based on the inpotAoutput characterfstic tor the gray cotor 
can be created The same effect can be obtained If the pattem Ims^e is displayed as a dot pattem Image consisting, 
for example, of black pixels and non-black pixola. 

30 [0073] In the profile creatton step, the profile is created based on color gamut information as well as on tiie inpuV 
output characteristic. This enhances the accuracy of the created profila 

[0074] By hokfing color gamut infomriation for a pkirality of representative display devices, a previa can be created 
that matches the target display device. 

[0075] Pjovlsbns may be made to modify the existing profile of the display device based, for exampie, on the obtained 
35 input/output cteractertstte This enables quick and accurate cr eatic^i of a cust<Mni2ed profile. 

[0076] If R, G, arKf B ccrfors, for example, are sequentially selected as the color of the non-black pixels in the dot 
pattem Image vwhile sequentially presenting the grayscale image pattem of the same R. G, or B color as the selected 
color, the input/output characteristic for each of the R. G. and B colors can be obtained, ftus making it possible to 
produce a profile with greater ndeilty to the display device 
40 [fK)77] Further, if the input/output characteristic previously obtaaned for a predesignated cotor is employed, for ex- 
ample, foe all or part erf the input/butput characteristics for the R. G, and B colors, the Input/output characteristk: can 
be obtained quickly, and as a result, the profile of the display device can be quickly created. 

[0078] If the dot pattem Image ie presented, for example, as a checkerboard pattern m^go consisting of Wack pixels 
and non-black pocels, a profile with greater adaptability to a sequential scan type display, for example, can be created. 
^ [00791 Furthemiore, if the dot pattem Image is presented, for examjale, as a dot pattem kiiege consisting of black 
pixels and non-black pixels In prc^jortions other than 1 :1, the generation of moire or caher artifacts is prevented, facil- 
itating the measurement 

[0080] By emptoying the gamma characteristic as the irputtoutput characteristic to be obtained, input/output char- 
acteristfcs a}:^lic€ible to almost all kffids of dleptey devices can be calculated 
so [0081 ] m this case, by calculating a plurality of input value versus ou^ut value relations based, for example, on the 
obtained gamma coefficient value, and by creating the profile of the display device by frYcluding therein tiie thus cal- 
culated Input value versus output value relations, pix>files appficable to almost aO Wnds of <fisplay devices can be 
created 

[0082] For example, by obtaining the Input/output characteristic for gray color using a stripe pattern image oonsfeting 
£s of lines of black pixels and lines of white pixels, a profile for a raster scan type display or the like can be o-eated. 

[0083] Further, by ctolainingthe Input/output characteristic lor an arbitrary color using a stripe pattern image consisting 
of Bnes df black pixels and Ikies of white pixels, for example, a profile lor a raster scan type display or the like can be 
created. 
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[0084] In a profile creation apparatus fcM- a display devfce embodying a fifth aspect of the present invention, the 
pattern image and grayscale image are displayed on the display device, an inputyoutput characteristic is obtained 
based on the display of the pattern image and grayscale image, and the profife of the display device is created based 
on the obtained input/output charactertef ic. Since the pattern image and grayscale image are displayed simultaneously 

s on the display devfco, the profile of the-dfaplay device can be created in a simple manner, 

[008S] In this case, if the pattern image is displayed as an image consisting offifst pixels of first luminance and 
second pixels of second luminance in prescribed proportibns to provide prescribed luminance by an average luminance 
value taken over the first and second pixels, and the grayscale Image is displayedas an image consisting of pixels of 
uniform luminance, the profile of the display device can be created in a simpler manner. 

10 [0086] In a preferred mode, the pattern Image is displayed as a dot pattern image consisting of black pixels and 
white pixels and the grayscale image as a grayscale pattern image containing a piuralfty of patches consisting of gray 
pixels with the gray scale varying in steps from one patch to the next; then, the patc^ having a brightness closest to 
the brightness of the dot pattern Image is selected from the giayscale pattern bnage, and the rnput/butput characteristic 
of the display device Is obtained based on the selected patch In this way, the Input/butpu^ characteristic of the display 

*5 device for gray cotor can be obtained easily, and a profile based on the flnput/oulput characteristic for the gray color 
can be created 

[0087] The same effect can be obtained if the pattern image is displayed as a dot pattern image consisting, for 
example, of black pixels and non-black pixels. 

[0088] the profilo creation means creates the profile based on color gamut informatton as well as on the input/output 
20 charactortetic This enhances the accuracy of the created profile. 

[0089] By hording color ^mul Informalton for a pluralrty of representative display devices, a pmfile can be created 
thai matches th© target di^lay device. 

[0090] In this case, provisions may be made to modify the existing profile of the display device based, for example, 
on the obtained friput/butput characteristte. This enables quick and accurate creation of a customized profile. 
ss [0091] If R. G^ and 8 oolors. for example, are sequentialV selected as the color of the non-black prxols In tfie dot 
pattern image white sequentially presenling the grayscale Image pattern of the same H, O. or 8 ookw as the seteoted 
color, the input/output char^teristic for each of the Q, and B colors can be obtained, thus nnaking It possible to 
produce a profile with greater fidelity to the display device 

[0092] Further, if the input/output characteristic previously obtained for a predeslgnerted cotor is employed, for ex- 
so ample, for all or part of the Input/output characteristics for the R, Q, and B ootors. the input/ioutput characteristic can 
be obtelned quickly, and as a result, the profile of the display device can be quickly created. 

[0093] If the dot pattern image is presented, for example, as a checkerboard pattern image consfsting of black pixels 
and non-black pixels, a profile with greater adaptability to a sequential scan type display for example, can t>e created. 
[0094} Furthermore, If the dot f^em image is presented, for example, as a dot pattern wnage consisting of black 
3S pixefe and non-black pixels k\ proporttona other than 1 .1 , the generation of rrxsire or other artifacts is prevented, f acil* 
itatlng the measurement. 

[0095] By employing the gamma characteristic as the Input/output characteristic to be obtained, input/output char- 
acteristics appficable to almost all k&ids oi display devices can be calculated. 

[0096] In this case, by calculating a plurality of input value versus output value relatwns based on the obtained 
40 gamma coefficient value, and by creating the profile of the display device by including therein the thus calculated Input 
value versus output value refattona, profiles applicable to almost all kinds of display devices can be created, 
[0097] For example, by obtaining the input/output characteristic for gray color using a stripe pattern imago consisting 
of lines <rf black pixels and lines of white pixels, a prctfile applicable, for example, to a raster scan type display or the 
like can be created. . 

4S [0098] Further, by obtaining the inputtoutput characteristk: for an arbitr wy color using a stripe pattern irriage consisting 
of lines of black pixels and lines of white pixels, for exarr^le, a profile applicable, for example, to a raster scan type 
display or the like can be created 

[0099] In a cartoratkan method for a. display, device embodying a sixth aspect of the preeent inv^tton. caitoratiw . 
data relating to a profile for a display device provided at secorKl equipment Is transmitted from first equipment to the 

so second eqifipment via a network, and a callbratkm image and guidance based on the caiibraiion data is di^layed on 
the di^lay devrce at tiie second equipment; thereafter, data relating to the profile of the display devfce is collected 
when an opsfStfon Is performed in accordance with the guidance. In this way, the profile of the display device can be 
created easily based on the collected data. Text, pictorial symbols, voice, etc. can be Included In the gukiance. Here, 
the first equipment may be configured, for example, as a server, and the second equipment as a clieril 

ss [0100] In a prefen-ed mods, a reference profile is held at the first equipment, and calibratton data relating to the 
reference profile is trar^milted to the second equipment, thea data relating to the profile Is collected at the second 
equipment, and the coUected data is transmitted as display calibration information to the server. Based on this display 
calibration tnformatkjn, the first equipment modifies and updates the reference profile and hoWs it as a new reference 
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regtor of a screen, and displaying a grayscale image consisting of pixels of uniform luminance In a second reglOT ol 
the screen Accordingly, when the program Is loaded intoa compuier. the cotor appearance of tha screen, for example, 
can be adjusted using the computer 

roilffl An embodiment of a further aspect of the present invention can provide a recording mediom recording a 
Ofoaram for iiT^lementlng tha steps of displaybg pixels of first luminance and pfxeleof second luminance m prescribed 
proportions in a first region of a screen of an apparatus, displaying in a second region of the screen a grayscaie image 
cwwlsting of a plurality of smaller regions each containing pixels of uniform luminance, the luminance varying from 
one sm'alier region to the next, determining which o^ the smaller regions has been selected from the grayscale image, 
and cateuteiting an input/output characteristic of the apparatus in accordance wfth the selected smaller region. Accord- 
10 frigfy, whan the program is loaded Into a o^puter. the input/output characteristic of the apparatus can be calculated 

using the computer. ^ ^- v. 

[0118] Reference will now be made, by way ot example, to me acconnpany^g drawings, fei which. 

Figure 1 1s a diagram showing the conflgtjration of a computer to which one embodiment of the present invention 

Fl^^lts a block diagi am showing the conflguraUon of a profile creation appaiatua according to one embodffnent 

of the present invention, as applied to the computer of F^uie 1 ; . ^ 

Figure 3 is a diagram showfrig an example of a screen display produced on fte cfisplay device of the profile creation 

apparatus; 

eo Figure 4 is a diagram for explaining a grayscale Image; 

Figure S a diagram for explainlrtg a pattern image; 
Flqure 6 Is a diagram for explaining another example of tfie pattern Jmage; 

F'^ure 7 fe a diagram showing ^ example of simultaneous display of a dot pattern image and grayscale pattern 

gs F^re 8 is a diagram for explaining how a gamma characteristic is calculated for an arb«iBfy color; 

Figure d is a diagram for explaining the relationship between grayscale patches and R08 values; 
Figure 10 is a diagram for explaining gamma characteristic crffset and cutoff voltage; 

Figure 11 is a diagram showing an example of simultaneous display ol a strips pattern Image and giayscaie pattern 

30 F^ure 1 2 is a diagr^ showing an example of simultaneous <«splay of a str^e pattern Image, wth its while line/ 

black line latto changed, and grayscaie pattern innags: 

Figure 13 is a fkswchart for ejqataining the operatkxi of the profile creation apparatus of Figure 2; 
Figure 14 is a btodc diagram showing the configuratfon of a profile creation apparatus according to another em- 
bodiment of the present Invention; 
36 Figure 15 is a block dagram shov»ring the configuration of a profile creation apparatus according to still anc^er 

embodiment of the present Invention; 

Figure 1 6 is^ a ftowchart for explalnkig the operation of the profile creation apparatus of Figure 1 5; 
n^re 17 is a ftowchart showing a modified example of the profile creation process; 
Figure 18 is a flowchart showing a modeled example o* the profile creation process; 
40 Figure 19 Is a ttowchait showing a modtflsd example of the profile creation process; 

Fioure 20 is a diagram for expiring the calculation of a gamma coeffteleni value; 

Rgure 21 is a diagram showlnja ^put/output values at six points, calculated from the cateulated gamma charac- 
teristic arKl used for the creation of an iCC profile; , . 
Figure 22 Is a diagram for explaining the caiculatkan of a gamma coefficient value that matches the display lumi- 

Figure 23 is a flowchart for ej^laining the calculation of a gamma coefficient value that nnatches the display fumi- 

n£uice* 

Figure 24 is a diagram showing examples of gamma coefficient vafues cateulated according to the display lumi- 
nance 

€0 Figure' 25 is a flowchart for explakilng a process for creating an ICC profile using a pluraliiy oi doi pattern images 

Figure 26 Is a dlagnam for explainrig the process of Figure 25; 

Fiaure 27 Is a diagram showing data obtained for the creation of an ICC profile by the process ot Figure 25, 
Figure 28 is a diagram showing the (xxnceptual configuration ol a display calibration system to which another 
embodiment ot the present invention is applied: ^ 
SB Figure 29 is a bk)ck diagram showing a specific example of the configuration of the system of Figure 29, 

Fiaure 30 Is a flowdiart tor expl^&ig ths operation of the system shown in Figures 28 and 2^; 
Figure 31 is a diagram showing an example of an image and guidance displayed on the displace device of a client 
in the system shown in Figures ^ Snd 29. 
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Figure 32 is a diagram showing another example of an image arxi guidance displayed on the displace device of 
. a client in the system shown in Figures 26 and 29. , / 

Figure 33 is a diagram showing the conceptual connguratton of a display calbr^ton system to which still another 
embodiment of Xhe present Invention is applied; / 

Figure 34 is a block diagram showing a specific example of the configu ration i)f the system of Figure 33: 
Figure 35 is a flowchart for explaining the operatican of the syetom shown in^higures 33 and 34. 
Ffgure 36 is a diagram showrig a specific exanrple of the configuration of^a display calibration system to which 
yet another embodiment of the present Invention is applied; 

Figure 37 is a diagram showing an example of caltoration data in the fomn of an HTML source program; 
Figure 38 is a diagram showing the conceptual configuration of a display calibration system to which a further 
embodiment <rf the present HTverrtion is applied; 

Figure 39 is a block diagram showing a specific example of the configuFation of the system of Figure 38; 
Figure 40 is a flowchart for explain ing the operation of tha system shown in Figures 38 and 39; 
Figure 41 is a diagram showing a specific exan^e of the configuratfon of a display calibration system to which a 
stilt further embodiment of the present invention is applied. 

Figure 42 is a diagram showing a specific example of the configuration of a display calibration system to which a 
still further embodiment of the present Invention is applied; 

Figure 43 Is a diagram showing the conceptual cor^uration of a . display calibration system to which a still further 
embodiment of the present invention is applied; 

Figure 44 is a block cfiagram showing a specific example of the configuration of the eystem of Figure 43; 
Figure 45 is a flowchart for explaffiing the operation of the system shown in Figures 43 and 44; 
Figure 46 is a diagram showing an example of a display calitMation Image and guidance; 
Figure 47 Is a dtagrarri showing the cor)captuai configuration of a display cal&iratlon system to which a stilt further 
embodiment of present invention is applied; 

Figure 48 i« a t:>locK diagram showing a specifk: example of the conflguratron of the system of Figure 47; 
Figure 49 is a diagram showing an example of management table structure for managing the next calibration date; ' 
Figure 50 is a flowchart for explaining the operation of the system shown in Figures 47 and 48; 
J: Figure 51 Is a diagram showing a generalized example of ICC profile format; 

Figure 52 is a diagram showing a specific example of IOC profile format; 
"I Figure 53 is a diagram Jor explainfng the color gamut of a display; 
Figure 54 is diagram showing an example of CIEXYZ values, etc., and 
Figure 55 is a graph for expialnirtg the gamma characteristic. 

£0120] EmbodimerAs of the present invention will be described below. Througt)out the description hereinafter given, 
3S liks or corresponding parts are designated by like reference numerals. 

[01 21] Figure 1 shows the configuration of a computer 1 0 as a user termanal to which the pt esent invention is app fi ed. 
As is weH krrawn. the computer 10 comprises a computer main unit 1 2 and a display (dispfay nneans) 14« Keyboard 16. 
and mouse 18 attached to the main unit 12. 

[0122] The computer rnain unit 12 contsons, though not specificaily shown here, a central processing unit (CPU) 
40 functioning as Judging, calculatlrtg, and control mear>5, a semiconductor memory device used to store control programs 
arKf applicaticn programs, a semicorKiuctor memory device used to provide a work area, various other storage devices 
(homing rneans and storage means) such as a hard disk and other large^pacity auxHiary storage devices for storing 
knage data, etc., input/output interfaces such as an AO converter and 0/A converter, and various ponnectirig interfaces 
provic&ig connections with other devices. 
45 [0123] Th e display device 14 such as a CFH* display as an Image output means, the keyboard 16 with cursor move- 
ment keys that functions as a data input means, selection me£ff>$, or desigr\ating mean8« and a pointing devk^e (nnput 
device, aelectksn means) such as the mouse 1 3 ar e connected to the computer main unit 1 2 via the connecting Inter- 
faces. 

[0124] Fl^re 2 shows a functional block diagram showing the configuration of a prcffile creation apparatus 21 ac- 
so cording to one embodiment of the present invention, as applied to the computer 10 shown in Figure 1 . The cor^stituent 
elements of the profile creatiari apparatus 21. othsr than the selection unit 1$ (18) and display device 14. are means 
for inaplsmenting the functiorts carried out by the computer main unit 1 2 with software a^talled thereon. The software 
is recorded as a program on a recording medium such as a floppy disk 1 5A or CD-ROM 15B whteh Is loaded Into a 
floppy disk drive 17A or CD-ROM drive 17B In the computer 10 so that the program can be used by being installed. 
ss for example, on a hard disk or the like incorporated in the coniputer 1 0 

[0125] The profile creation apparatus 21 includes a p^em flmags data hoMing unit 30 whteh hokis therein pattern 
image data representing a pattern image consisting of a plurality of colors, a grayscale famage data hokftng unit 32 
whidi hoMs therein grayscale image data consisting of a single coIog and a display control unit 31 which reads out 
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the pattern image data and grayscale frnage datta from the pattern image data holding unB^O and grayscale image 
data hofding unit 32 and presents the pattern mage and grayscale image simuftaneously tor drsptey on the screen of 
the display device 14. 

[01261 The profile creation appajatus 21 further includes the selection unit 16 (18) which, in accordance with user 
5 seiection selects a grayscale ^mage patch of the brightness closest to the brightness of the pattern imagedlspteyed 
on the display device 1 4. a gamma coefficient calculation unit 36 (inpuVoutput cMracteristIc calculation means) which 
obtains a gamma coefficfent associated with the input/butput characteristk; ot the display device 14 based on the 
selected patch, a common information holding unit 39 which stores infomriatlon other than the gamma coefficient ttiat 
is common infofmation such as color gamut information and standard white inromnatlon. and a profile creation unit 38 
10 vyhfch creates a profile lor the display device 14, tor example, the ICC profile Ip (see examples of Figures 51 and 52), 
based on the gamma coefficient value calculated by the gamma coefficient calculation unit 36 and on the common 
information stored in the common inforrnation liokJIng unit 39 

[0127] Next, a detailed explanation of the pattern Image data and grayscale image data stored and held in ihe pattern 
Image data holding unft 30 and grayscale Image data holding unft 32 win be given in association with displays produced 

IS on the display devfce 14. 

[01201 As shown in Figure 3» the pattern Image 40 expressed by the pattern image data stored in the pattern image 
data holding unit 30 and the grayscale Image 42 expressed by the grayscale Image data stored tn the grayscale image 
data holding unH 32 are presented via the display control unft 31 for display, separately, in different regions but simul- 
taneously on the same screen of the display device 1 4 In the computer 10 (profile creation apparatus 21 )- In the region 

so of the pattern image 40. first pixels 40a ol firat luminance (in the example of Figure 3. sets of black pixels indicated by 
hatching) and second pixels 40b of second luminance (in the acample of Rgiire 3. sets of white pbc.els) are basically 
arranged in prescribed proportions (in the example Figure 3. a checkerboard pattern consisting of black pixels and 
white pixels in proportions of 1 : 1 ) to provide prescribed luminance by an average luminance value taken over the first 
and second pixels (in the example of Figure 3. a value infemnecflate between black and vi^iite). Figure 3 shows an 

ss ©xampts ot the pattern image 40 constructed from a combfnatton of two colors, black and white, but checkerboard 
patterns other color combr^atlons may be used, as wiH be described later Further, the nuntoer of colors need not 
be ronHed to two. but three, four, or more colors rmy be used; in other words* the pattern image may be constructed 
from a combination of first to n-m pixels havir\g first to n-th luminance values. 

[01291 On the other hand, the region of the grayscale image 42 consists of one or more Ltfiifonn luminance regions 

30 (in the example of Figure 3, five regions). 

[01301 WhUe the pattern ^ge 40 consists of a plurality of colore, each uniform luminance region of the grayscale 
image 42 consists of a single color lying between the plurality of cotors. In the example of Figure 3. the pattern image 
40 consists of the black pbcels 40a and white pixels 40b. end each region of the grayscale image.42 ts displayed in 
gray a color considered to lie isetween the lalack and while colors 

ss [01311 The constnjctkin of the pattern image 40 and grayscale image 42 wiH be described in further detail. 

[0132] First, as showi in Rgure 3. the grayscale image 42 is an image that contains a grayscale patch 44 consisting 
of a plurality of regicms with the ^y scale varying ai steps from one region to the next (in the example of Figure 3, a 
totel of five grayscale patches, i.e., a grai^cale p^ch 44a of gray ctosesl in tone to black, a grayscale patch 44b of 
gray slightly nghter than the grayscale patch 44a, a grayscale patch 44c of ^ sfightly fightei than the grayscale patch 

40 44b a grayscale patch 44d of gray slightly llghtef thai »>e grayscale patch 44c. and a grayscale patch 44e of gray 
slightly lighterthan the giayscate patch 44d. bi decreasing order of hatching density). That is. the cotor of the grayscale 
patches 44a to 44e forming the grayscale image 42 Is gray, a color lying between the black and wtfille cotors. as 

described ak>ove, . . ^ •u-^ 

[01331 When the plurality of grayscale patches 44a to 44e are cfisplayed simultaneously on the same screen, the 
4S QfBVscale anage 42 is then called a grayscale pattern image, instead of dispteyiog the grayscale image 42 as a gray- 
scale pattern knage. the grayscale patc^ies 44a to 44e of varying gray scale may be presented for display one at a 
time switching from one patch to another. When displaying the image by switching, a grayscale patc^ 44 of uniform 
density (one of the grayscale patches 44a to 44e) Is displayed an the entire regon wherB the five grayscale patches 
44a to 446 are displayed in Figure 3. In eithercase, the pattern »nage 40 is displayed atalltirnes, that is. simultaneously 

50 with the grayscale image 42. ' , u ^ * 

[0134] In Figure 3 the grayscale patches 44a to 44e are shown by hatching to Indicate varying tonal densities, but 
in actuality ea<^ of the grayscale patches 44 (44a to 44e) forming the grayscale pattern image 42 is displayed as an 
image consistaig of a single color of uniform density (in the iilustrated example, uniform luminance), as schematteally 
shown in Figure 4. and the density (luminance) <^ the grayscale patch 44 can be varied by varying input Image data 

ss vsrfues (RGB values). ^ . ^ . ^ 

[01 351 For example, in the computer 10. the cotor of an Image is expressed by R, G, and B colors each represented 
bv 8-blt data. Therefore. In the case of the grayscale patch 44 of gray color, by varying the B. G. and B image data 
values such that (R. Q; B) = (0. 0. 0), (1 . 1. 1 ), (2. 2, 2). . (255. 256. 255), the color of the grayscale patch 44 to be 
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displayed can be varied from black with the RGB image data value (R, B) ^ (0. 0, 0} to white with the RGB Image 
data value (R. G. B) ~ (255. 255. 255) by way of gray at intermediate shadea with the RGB image data value (R, G, 

B) = (x, X. x). 

[0136] in the display 14, each of the H (red), G (green), and B (blue) colors forms one pixel, aa is well known, but In 
s the preeenl embodiment, it Is assumed that one RGB set forms one plxe! to facilitate the understanding of the inventicwi. 
(t will be recognized, however, that tiie present invention is aiso applicable if it is assumed that each of the R. 6. and 
B colors fonr^s one FMxe I 

[0137] Next, a descr^tion will t^e given of the pattern Image 40. As shown in Figure 5, the pattern image 40 is a dot 
pattern image 46 coneieting of pixels of two colors, for example, black color pixels (also called black pixels) arKf norn 
fO black color pixels, for example, whtte cok>r pixels (also called whits pixels}; more specif tcaliy. the image consists of 
white pbcels. I.e.. pixel dots with the RGB image data value (P, G. B) = (255, 255, 255). and black pbcels, i.e., pixel ctots 
with the RGB image data value (R. G. B) = (0. 0. 0), 

{0138] The dot pattern image 46 consisting of such white pixels ar>d blask pixels is displayed on the diepiay devtoe 
14, as shown in Rgure 3, ^ultaneousfy with the grayscale pattern image 42 containhg the grayscale patches 44 of 
IS varying gray scale leveis. As eadter noted, the grayscale patches 44 forming the grayscale pattern imago 42 may be 
presented for display one at a time. 

[0139] The color used is not limited to gray, but other colors may be used for the pattern image 40 and grayscale 
image 42. For example, tp the case of red color, the color d the grayscale patches 44 in the grayscale pattern Im^e 
42 can b& varied from black to red by varyrig the R, G, and B image data values such that (R, G, B) = (0, 0, 0), (1 . 0, 
20 0), (2, 0, 0), . (255, 0, 0) . In this case, the dot pattern ffnage 46 ehcukl be presented as an tnnage consisting of biack 
pixels, i.e., ptxs! dots witii the RGB image data value (R, G, B) = (0, 0, 0), and red color pbcels (aiso called red pixels) 
as non-black pixels, i.e., pixel dots with the RGB image data value (R. G, B) = (255, 0, 0). 

[01401 To facilitate understanding, the following description deals primarily with examples of the pattern image 40 
cor^i^ing of white pixels and black pixels and its corresponding grayscale image 42. but the same description Is equally 
ss applicable for other cotor combinations such as red and b<ack> blue and black, green and black, red and white, blue 
and white, and green and white. 

[0141] The dot pattern arrangement in the dot pattern innage 46. for example, the dot ratio, can be varied as desired 
by varying the proportk)ns of biack pixels versus non-black pixels 

[0142] While the dot pattern image 46 shown in Figure 5 is a so-called chec^rboaid pattern Image with a white/ 
30 black dot ratio of 1 :1 , the dot pattern knage 48 shown in Figure 6 has a whita/biack dot ratio of 3:1 with v4iite pixels 
and biack pixels contained In proporttons of 3:1 . In this way. the densfty of tiie dot pattern image. I.e,, the pattern irnage 
40. can be varied. The size of each dot forming the dot paQem image 46 is chosen to i:3e snnail enough that the image 
appears as if the entire image were a halftone image when the screen of the display 14 was viewed straighton from 
a suitable distance. 

9s [0143] By vaiyirtg ^e dot ratio in the case of the pattern image 40 artd RGB data values in ^e case of the grayscale 
image 42, as descrft)ed above, the Image density (lunr^rnanee) can be varied as desired. 

[0144] Neixt, a desCr^ion wilt be given of how gsanma can be measured and cak:utated by the gamma coefficient 
cateuiation unit 36 based on flie pattern Image 40 and grayscale image 42 displayed on the display devtee 14. Gamma 
characteristic characterizes a CRT display, but the method hereinafter descritied can be applied not only to the CRT 

40 display but also for the measurernent and calculation of the mput/butput characteristics (etectr&optk:al converskm 
characteristtos) of vark)us other display devicos such as liquid ciystal display devk:es and piasnna display devices 
[0146] For sinrptk:ity, the foliowing description Is given by igrKiring the offset value and cutoff voltage of the display 
device 14 as negligible values. Denoting the output of the display device 14, r^., the displayed luminance, as B<y), 
and the Input to the display device 14, i s., the input voltage, as E(x). the dispteyed iumlnance B is given in relation to 

^ the Input vottage E by the foikjwlng equatton (6). In any equation given hereinaf ten including equation (6)i the symbol 
is used to represent a power, for example, means E raised to the power y. 



B=E>^ (6) 

sq 

The value of 7 in this equation is called the gannma coefficient value, and the input/output chaiacteristic defined by 7 
is called the gamma characteristic (see Figure 55) If the Input voltage E end displayed lumffiance B at any one point, 
except the points at (£. B) =r (0, 0) and (1, 1 ), on the giaph shown In Figure 55 are known, the gamma coefficient value 
can be obtahed using the above equation (1 ). etc. 
ss [01461 Here, suppose that when the checkerboard dot pattern Image 46 and five-level grayscale pattern image 42 
ware simultaneously di^layed on the display device 14, as sliown ih. Figure 7. the grayscale patch 44e appeared the 
same In color (luminance) as the dot pattern image 46. The displayed luminance B(yi) of the checkertsoard dot pattern 
image 46 with a white/black ratio of t:1 .Is yi - 0 5. If. at this time, the RGB value of the tonal path 44 is RGB =^ (192. 
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192 192) as shown in Figure 7. then the input value E{xi) Is xi = 192/255 = 0.753. This moans that the point with 
(input, output) = (E . B) = (xi, yi) = {0.753. 0.6) hasbeen measured (determined) as one point on the gamnr^a charactenstic 

cun^e of the display device 14. . ^ » /n nw^Vc^ 

f01471 Then in the gamme coefficjeni calculation unit 36. when the three points with (input, output) ^ (O. O), (0,753. 
' . 5 0 5) and (10,1 0) are substiluled in equation (1 ) to solve for7/T= 2.45 can be derived as fiia gannma coefficient value. 
f014ai In this way> by simultaneously displaying the dot pattern image 46 and grayscale pattern image 42 for com- 
Darts(^ on (he screen of the display device 14 to be measured, or by sequenUaIfy displaying the grayscale patches 
44a to 44e for comparison with the dot pattern image 48 displayed on the sc!een. one of the grayscale patches 44a 
lo 44e that appears the aa^e in color as the dot pattern image 46 is detemiined, and the gamma coefficient value can 
10 be derived using the known RGB value (see Figure 7) of the thus determined grayscale patch 44 By further compar^g 
the nravscate pattern frnage 42 (or each grayscale patch 44) with the dot pattern image 48 of a drfferent luminance 
value SLK^ as shown fri Figuie 6. a plurality <^ points can be obtained on the gamma characteristic curve; in tliis way 
a gamma coefflciem value (gamma characteristic) of higher accuracy can be obtained. 

roi401 As previously stated, for the dot pattern image 46 (the pattern imago 40) and its con^espondfng grayscale 
IS oattem Image 42. not only the combinalfon of white pixels and black pixels but other color combinations, such as red 
and black, blue and black, green and black, red and white, blue and wtiHe. and green and white, can also be used 
roi 501 For example, as shown In Figure 8, when two cotors each having the same Image data value for B. G. and 
B are displayed in tiie fom. of a gray dot pattern image 46 with (R. G. B) = K1(C1. CI. CI ) and K2(C2, C2, C2) (CI 
and C2 are different values), the luminance of the dot pattern image 46 is given by (CI + 02y/Z. 
20 roi 511 If this dot pattern image 46 appeare the same In cotor as a gray grayscale patch 44 with an RGB imago data 
value (R. Q. 8) = K3(C3. C3. C3), then the relatksn (01^/ + C2^yz = C3^ holds From this equation, the gamma 

coefficient value can be derived . . ..^ ^ -i_ j-.*^ 

roi 521 Accordinaty, (R. G. 8) = K1 (CI , 0. 0), K2 (C2. 0. 0). and K3(C3. 0, 0) should be used as the RGB image data 
S toS^the gim'n. coefficient value for red. (R. G. B>. K1(0. C1, 0). K2 (0. C2. 0) and K3(0. C3. 0) should 
as bo used as the RGB Image data values to obtaei the gamma coefficient value for green.: and (R, G. B) = K1 (0. o. c l ). 
K2(0. 0. C2), and K3(0, 0, C3) should be used as the RGB image data values to obtain the gamma coefficient value 

roisar In the above example, the offset value and cutoff voltage of the display device 14 have bean ignored as 
neali^le values when obtaining the gamma coefficient value, but depending on the type of display device 14, there 
30 csm <xx5ur a situation where a profile with high accuracy cannot be created If these values are Ignored. In such cases, 
the gamma coefficient value must be cakailated using an equation that takes the offset value and cutoff voltage Into 

roiMl Here danotfrig the offset values tor R, G. and B as Kor Kog, and Kob. and the cutoff voltages as Ro. Go, 
and Bo respectively, the outputs of R. G. and a denoted Er, Eg. and Eb (in Figure 55. letier B was used to denote 
3S display^ luminance, but lo avoid confusion with B in RGB. letter E Is used here) can be expressed by the foltowmg 
equations (7), (8). and (9). respectively 

Er = (R-RoV^R + Kor (7) 



40 



4S 



Eg = (G-Go)^ + Kog (8) 
Eb = (B-Boy^B + Kob (9) 



where AyR avQ and are the gamma coefficient values for R. G. and B, respectively. The cutoff voltages Ro. Go. 
and Bo fepreaenl the input value (RGB value) at which the output luminance E begins to change when the Input RGB 
value is applied to the display device under measurement, . . . - 

SO [01551 More specifically, when a plurality of grayscale patches with different RGB values are arranged In increasing 
onder or the RGB value and displayed with the blackest patch at the leftmost end as shown in Figure 9 (in the example 
of Ftaure 9 nine grayscale patches are displayed), the RGB valus at the point where cotor appears to change is the 
cutoff RGB value, whfch Is (R. G. B) = (50, 60, 50) in the example of Figure 9. In the example of Figure 9, the four 
orayscale patches at the left a}l appear black, as shown In the figure. ^ .^.^ 

55 101661 AS tor the offset value, the screen of the display device 1 4 when power is cut off is compared with the screen 
when a black image (RGB value is (RGB) = (0. 0. 0)) is disf^yed. and if the di«erence ]s not distinguishable, the offset 
value can be assumed to be zero and be ignored. If the difference Is distinguishable, brightness or contrast shouW be 
adjusted on the display devtee 14. before starting the measurement; to vary the brightness or contrast setting so that 
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the offset value can be ignored. By making measurements on ihe <Ssplay device 1 4 In this condition, the characteristics 
of the display device 1 4 can be msasurad under good conditions where There Is no need to consider the offset value t 
[01S7] Figure 10 shows the offset value© Kor, Kog, and Kob and cutoff voyages (cutoff values) Ro. Go, and Bo In 
relatk>n to the gamma characteriatic. When the display is auccessfoHy adjusted to a point whet e the offset values Kor. 
Kog, and Kob can be Igrwred, the offset values Kor, Kog; and Kob become zero, i,e . Kor - Kog = Kcto = 0 * 
{0156] In the above embodiment, the pattern image data etored in the pattern image data holding unit 30 has been 
described as being Image data representing the checkerboard dot pattern imago 46 (see Figure 5) wfth a bteckAx>n- 
black pixel ratio of 1:1 or pattern image data representing the dot pattern image 4d (see Figure 6) consisting of black 
pixels and nbn~blac^ pixels in proportions other than 1:1. However, depending on the type of display devk:e 14, there 
10 are cases where a gamma coefficient value vi/ith higher accuracy can be obtained if a stripe pattern image 50 is used 
trat consists of lines 50d of black pbcels and lines 50b of non-black pixels njnning parallel to the hohzontai scanning 
diret^on of the display device 14» as schematically shown in Figure 11 (In the exan^le of Figure 11. the black pbcel 
lines 50a are equal in thickness to ihe non-black prxel lines 50b Qn this exampfe, white lines), and the ratio between 
the bleckfMXels and white pixels Is 1 ; 1 ). in Figure 1 1 , the grayscale pattern image 42 is displayed as an image consist ing 
of a phjrafily of grayscale patches 44 (44a to 441) like the one shown In Figure 9. 

[01591 Generally, sn a raster scan display ctevce such as a CFIT dispfay, as the horizontal scanning frequency in- 
creases, the posstt}Uity that the input RGB value may not match the display RGB value increases hi the case of the 
dot pattern Image 46 or 46; accordingly, the gamma coefficient value can be measured and cateulated with higher 
accuracy H the stripe pattern image 50 shown hi Figure 11 is used In place of the dot pattern image 46 or 48. 
^ [01601 In this case atso. the accuracy of the gamma coefficient value can be ertfianced by maidng measurements 
using a stripe pattern image 52 consisting of black pixel lines 52a and non-biack pixel lines 52b with black pixels and 
white pixels contained In proporttons other than 1 :1 , as shown in Figure 12. 

[0161] In contrast, in a sequential scan display device such as a liquid crystal display device or a plasma display 
devk^, the input end display RGB values are generally in good agreement compared with the CFTT display; therefore, 
in most cases ft is preferable to use the dot pattern image 46. etc, 

[0162] For example, a liquid crystal display device or a plasma display device, 8lr>ca the gamnr>a coefficient value 
is ctose to 1 .0 compared with the CRT cBspIay or the like, the dot p>at!ern image 46. consisting of bfe^k pixels ((R. G. 
B) = (0, 0, 0}) and white pbcels ((R. 8) = (255. 255. 256)). appears ck>se in color to the grayscale patch 44 of the 
Intermediate gray color ({R» G, 8) = (128. 128, 128)). 

«> [0163] /tocordingV, if the pattern image data representing the dot panern Images 46 and 48 and the pattern image 
data representhg the stripe pattern images 50 and 52 are both stored in the pattern image data holding unit 30 with 
provis»ns made to selective^ supply the pattern image data to the display device 14 through the selection unit 16(18) 
which eiso functions as a.pattem image aetectk}n means, il becomes possible to supply optirnum pattern image data 
to the display devk» 14, whether it is a CRT display, a lk|uid crystal di^lay device, or a plasma display davkse 

3S [01 641 Next, the operation of the profile creation apparatus 21 of the en^odiment shown In Figure 2 will be described 
with reference 1o the flowchart of F^ure 13. 

[01 6S) First, the dteplay control unit 31 reads out the pattern image data from the pattern image holding unit 30 arid 
presents the pattern image 40, represented by the pattern image data, for display on the dieptay devtee 14 (step SI), 
and also reads out the grayscale frnage data f r<^ the pattern image hofdlng unit 30 and presents the grayscale image 

40 42, represented by the grayscale image data, for display (step S2). 

[0165] At this time, while keeping the pattern vnage 40 displayed on the screen, eithei* the grayscale image 42 is 
displayed by sequentially presenting the ^ayscalo patches 44 of varvwig tonal densities, or the grayscale pattern image 
42 consisting of a plurality of grayscale palches 44 of varying tonal densiUes is displayed; In thfe condition, the grayscale 
patch 44 that appears the same in color (brightness) as the pattern image 40 Is determined and measured (step S3). 

4S This determination can be made with high accuracy by using a specialized measuring instrument, but since the meas- 
uremer\l is mads through a comparison, the determlnatksn can also be rr»de with fairly high accuracy by the human 
eye. in other words, according to ttie present invention, the grayscale patch that definitely appears the sanne to the 
human eye can be determined 

[0167] Using the selection unit 16 (18) such as the keyboard 16 or the mouse 18. the mouse cursor, not shown. Is 
^0 pointed at the grayscale patch 44 that appears the same in color, and the mouse 18 is clicked on it In this way, the 
determination can bo made with high accuracy without using a specialized measuring instrument 
[0168] When the result of the determkiation and selection made by operating the selection unit 16 (18) is fed t>ack 
to the display control unit 31 . the RGB value of the grayscale patch 44 determined to be the same In color (brightness) 
as the pattern image 40 is supplied from the display control unit 31 to the gamma coefficient calculation unit 36. The 
ss gamma coefficient calcuiatkxi unit 36 obtains from the RGB value a coordinate point on tha gamma characterise 
cun^s, asprevtoUGty described, and calculates from the obtained coordinate point the gamma coetficient characteristk: 
as the input/output diaraicterlstfe (step S4)^ 

{01 63] Next based on the thus obtained gamma coefRclent value, an iCC profile I p (see Figure 62) is created by the 
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profilo creation unit 38 (step S6). . ^ , 

[0170] As axplamed with reference to Figure 52. the ICC profile Ip contains whrte c<rfor Wommton and cofor gamut 
information as well as the gamma characteristic. However, uniike the gamma characteristic, the whfte color and color 
gamut of a display device 1 4 do not vary substantially antong display devices 14 of the same kfrid and the same model; 

s - therefore, a profile havng adequate firecision can tje created by using the white color and color-gamut infonnation of 
a reference display device without stnctiy measuring the white color and cotor gamut of each fifidlvidual display devfce 
14 In visvtf of this, in the profile creation apparatus 21 of Rgure 2» reference w^ite color Bifomnatton and reference 
color gamut Information are stored In advance as common hforrnatlon tn the common Information holding unit 39. The 
profile creation unit 38 can thus create the ICC profile Ip by usffig the measured gamma coefficrent value unique to 

10 the display device 14 and ttie common information such as the white coloi information and color gamut information 
common to the display devices 1 4 of the same model 

[0171] The following program is recorded on a recording medium such as the floppy disk 1 5A or CD-BOM 158 shown, 
in Figure 1. Referring, for example, to Figure 3, the progran contains instructions toi executing the step of displaying 
iho pixels 40a of a first luminance and pbcet^ 4<») of a second lumanance in prescribed propc»tkDns fen a first region of 
IS me screen (the region of the pattern ^ge 40) (step SI ) and the step of displaying the grayscale frnage 42, consist rig 
of pixels of onJform luminance. In a second regkan of ttie screen (the regkwi of the grayscale image 42) (step S2). By 
loading this program intp the computer 1 0, the cok>r appearance of the screen ot the display device 14. for example, 
can be adjusted using the computer 10 

[01721 Further, a recording medium such aa the ftoppy disk ISA or CO-BOM 15B records a program for executing 
20 the step of displaying the pixels 40a of first luminance and pixels 40b of secaid luminance in prescribed proportkxis 
in a first regkjn (for example, the regk>n of the partem Image 40) ot the screen of the display device 14 (see Figure 3) 
(step SI) the step of displaypig in a second re^on of the screen (for example, the regfon otf the grayscale image 42) 
the graysca^ image 42 consisting of a plurality of smaller regions (for example, the grayscale patches 44a to 44e) 
each containing pixels of unifonn luminance, the luminance being different for each smaller rogkan (for each of the 
25 aneiyscale patches 44a to 44o) (step S2). the step of detennining which smaNer region has been selected from among 
the smaller regions 44a to 44e of the grayscale image 42 (step S3), and the step of cateulating the inputtoutput char- 
acteristic of the display device 14 In accordance with the selected smailer region (step S4) By kaading this program 
into me computer 1 0, the gamma coefficient vato as the input/output characteristic of the display devfce (the display 
device 14 of the computer 10) can be calculated using the computer 10, A program for executing the step of creating 
3o the ICC prxjflle Ip may also be recorded csi the recoidfeig medium. 

[0173] Figure 14 shows the configuratton of a profile creatkjn apparatus 22 according to another enobodament ot the 

present Invention. ^ i« 

10174] The proFile creatfon apparatus 22 includes a c^r^mon infcxmalton selection unit 54 which is interposed be- 
tween the common Biformatkin hoWing unit 39 and the profile creation unit 38. The common information holding unit 

35 39 hokis therein reference white color Information and reteiehce cofor gamut tnformaiwn for a plurality of representative 
disptey dovkres, tor example, display devices classified by manufacturer. The user can select the common irifomiation 
corresponding to the type of his di^lay devfce 14 via the common kifomiatfon selecUon unit 54 
(01751 Ramer than having the user make the selectfon, provisions may be made so that the OS or the profile creatton 
apparatus 22 Itself makes the aalectton. For example, in the computer 10 In which an OS such as Windows 95 Is 

40 instened. the display devtee 14 sends 10 jnfomnaiion to Wentify itself to the OS Though not shown here, the computer 
10 (the profllo creatton apparatus 22) can be configured to aulomaticalV respond to the ID information and selects, 
via the conwwn infonnattan seloctton unit 64, the common infonnatton that best matches the ID infomrialkai originating 
display unit 14 from among the informatkm heW In the common Infc^mation hold^g unh 39. 

[01761 As eailier described, under PC enviionments, color management systems using ICC profiles Ip have begun 
4S to be used and manufacturers are selling dteplay devices wlh their ICC profiles Ip Included with them or attached to 
the OS. These existing ICC profiles Ip do not always match every frtdivkiaal user's display devwe 1 4 but are considered 
to have a certain level ai precision. 

[01 77] One possible approach here is to produce a customized ICC prolira Ip for the cfisplay dwice 14 by modifying 
an existing ICC profile, rather than creating an ICC profile Ip. 

so [017H] Figure 1 5 shows the configuration of a profile creation apparatus 23 ih accordance with an embodimert in 
which a customized ICC profile Ip is produced by modifying an existing ICC profile Ip. The profile creation apparatus 
23 differs from the profile creation apparatus 22 of Figure 14 In that the profile creation unit 38 is replaced by a profile 
mocfification unit 58. and in that a profile holding unit 56 hoWing therein exislkig ICC profiles Ip is connected to the 
profile modlffcalton unit 58. ^ ^ .r- 

ss (01791 The operation of the profile creation apparatus 23 will be described with reference to the flowchart of Figure 1 6. 
[01 80] First the display oont«>l unit 31 presents the pattern Imago 40 for display on the display devfce 1 4 (step S ll ), 
and also presWils the grayscale image 42 for display (step 812). The profile modification unit 58 reads out an existing 
ICC pioflle fp from tha profile holding unit 56 (step SliS). 
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(01 81] The display control unit 31 measures display characteristics (step SI 4), and the gamma coefrjc.ienl cafculation 
unit 36 cafculatea the gamma coefficient vafue based on the measured dispfay characterlsttce (step SIS). 
[0132] The profile modificatfon unit 58 alters the contents of gamma characteristic infomnation (the contents of the 
rTRC tag, gTRC tag, and bTRC tag, etc.) in the existing ICC profile Ip, but the contents of other infomDatlon (rXY2. 

5 gXYZ. bXYZ) are not altered and the existing values are used without fnodlficatton. In this way, the profile modification 
■ unit 58 produces a customized ICC profile !p by mod^ing the existfrig fCC profile Ip (step SI 6). 
[0183} Usaig an existing ICC pi^ile Ip, it becomes possible to create an ICC profile Ip with higher accuracy. It shbuld. 
however, be noted that the display characteristics of the display device 14 change with age; therefore, by making 
piwisions to store the customized ICC profile Ip in the prcflls holding unit 56 as an existing ICC profile Ip in case there 

itf arises a need to regenerate the ICC profile Ip In future, the accuracy of the ICC profile Ip can be maintained over a 
long period of tfme. 

[0184| Adescrlption wfti be given belt?w of modified examptea of the input/butput characteiistic calculation and profile 
creation process that are aw>licable to any of the profile creation apparatuses 21 to 23 shown In Figures 2, 1 4. and 1 5 
[0185] The processing example shown tn Figure 17 obtains the gamma characteristic for each of the R, (5. and B 
colors; FJr^, based on the color selection made via the selection unH 16 (18), the display contiol unit 31 presents the 
pattern image 40. consisting, tor example, of Wack pixels and red (R) pixels as non-biack pixels, and the grayscale 
pattern image 42 of red (R) tor display on the display device 14 (steps S21, S22. S23), measures the display charac- 
tertstic for red (step S24). and caicutates the rnpuUbutput characteristic for red (step 825} . 

[0186] Next the pattern Image 40, consisting of black pixels and green (G) pixels, and the grayscale pattern image 
20 42 of green a re displayed, the display characteristic for green Is measured, and the inputtoutput <^acteiielic for green 

is calculated (steps S21 to S25). 

[01 87] Finally, the pattern image 40. consisting of black pixels and blue (B) pixeis, arid the grayscale pattern Image 
42 of blue are displayed, The display characteristic for blue is measured, and the input/output characteristic for blue is 
calculaled (steps S21 to S25). 

26 [0188] In the way; by obtaining the gamma chaiacterlstfcs tor all of the H, G, B primaries producing color on the 
display device 14, an ICC profile Ip with higher accuracy can be created (step S26) 
' [0189] However, since the displayed fcjminance of the dispby device 1 4 is lower for blue than for red and green, and 
since the human eye is less sensitive to blue, there are cases where a highly accurate measurement cannot be made 
for blue. In such cases, the inputi^output characteristic measured for red or green may be substituted for the input/ 

.30 output cfiaraderisttc for blue. 

[0190] In view of this situation, the processing example shown in Rgure 1 8 specifies an aibltrary color by means of 
the selection unit 16 (18) from among prestored colors (step S31). Next, the pattern Image 40, consisting of black 
pixels and pixels of the speoffied co\ox as non-black pixels, and the grayscale pattern image 42 ot the specified colc^ 
are presented for display (steps S31. S^, S33). the display characteristic for the specified color is measured (step 

36 S34), and the input/output chara^sristk: for the ^ecified cotor is calculated and is used directly as the inputA>utput 
characteristic for a desired color (step S3S). Then, the ICC profile Ip is created (step S36). 

pi91] K will be appreclatisd that the color to be specified and the cotor to be measured can t>e Interchanged^ and 
aisothat, thou^ not shown In the fk>wchart. the gamma chaiactoristk: for an already measured color can be substituted 
for the gamma characteristic tor tlie spedlled cobr. 
40 [0192] The gamma coefficient value storing fieW (iTRC tag, gTRC tag, bTTO tag) of the ICC profile Ip shown Irj 
Figure 51 is capable of holding n« only the gamma coefficient value itself, but also two or more Input/output point 
values, as eariier descntwd. 

[0193] In the processing example shown \n Figure 19. the dot pattern imago 46 (see Figure 6) is cfisplayed as ttie 
pattem Image 40, and at the same lime, the grayscale image 42 Is displayed (steps S41 , S42) (see the display shown 

4ff in Figure 7)- - 

[0194] In the displayed condition of Figure 7, »ie grayscale patch 44 that matches the brightness ol the dot pattem • 
image 46 is determined, and the gamma characteristic value is measured (step S43) In this example, it is assumed 
that Ih© grayscale patch of (R, G. B> = (192, 192. 192) designated by reference numeral 44e In Figure 7 matches the 
■ color appoararxje of the dot pattern image 46 having a white/black ratio of 1 . 1 . 

50 [0195] In this case, three points with (input, output) = (x. y) = (0. 0). {0 753. 0 5). and (l .0, 1 .0) are obtained as values 
for measuring the gamiYia coefficient value, as shown in Figure 20. Here, the numerical value B(y) =: 0.5 represents 
the cfisplayed luminance of ttis dot pattem image 46 with a whitetoiack ratio of 1 1. and the numerical value E(x) = 
0 753 represents the ratk> of the measured RGB value 1 92 to the maximu m value 255 of the input RGB value (1 92/265). 
Rgure 20 shows point A (0.5, 0.5) where the input RGB value E(x) is x = 0 5 and the displayed luminance B{y) is y = 

6$ 0.5, point C (x. 0) where E(x) is x = x, and point B (x. 0.5) on a gamrra characteristic curve whose gamma coefficient 
value is onlwown. where the Input RGB value E(x) Is x = x and tfie displayed luminance B{y) w y = 0.5, 
[0196] By substButing the values of the above three points into equation (1 ), a gamma coefficient vakia of 2.443 is 
calculated (step S44). 
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[0212] Each client ^ 06 includes a receiving unit 11 4 for receh/ing th 9 calibration data 1 0S tranemftted over the nelworl^ 
104. a display control unit 31 as a display producing appficatlon for dlaplay^g an Image corrssponding to the received 

calibfation data 1 08 (including a calibration image dlspi^ed based on the calibration c^ta 106 and characters displayed 
as guidance) on the display device 1 4, and a display calibration intomnatlon collection unit 11 8 for collecting data relating 
s . to the profile of the display device 14 In re3por>se to the operation of the keyboard 16, etc. by a user 116. --^ 
[0213] In the display calibratloh system 100 of Figures 28 and 29, the calibration data 108 used for rrtalong adjust- 
mants relating lo the profile of the display device 14 is stored only at the server 102. 

[0214] Next, the operation of the display calibration system 1Q0 shown in Figures 28 and 29 will be described with 
reference to the flowchart of Figure 30. 
10 [0216] First when the user 116 wants to calibrate the display device 14 of the client 1 06. he sends a request to the 
server 1 02 via the receiving unit .11 3 of the client 106 for the transfer of tfia calibration data 108 held in the calibration 
data holding unit 110 (step 371 ). 

[0216] In response to the transfer request, the senrer 102 sends the catibratidh data 108 lo the receiving unit 11 4 of 
the client 1 06 via the transmitting un It 11 2 and via the network 1 04 (step 872) . 

IS [0217] llie display control unit 31 , upon detecting the arrival of the calibration data 108 through the receiving unit 
114, displacys a cafibraUon Image baaed on the caftbraticn data 108, along with a guidance message <text data), which 
reads, for example. "Measure CIE XY2 values us^g a measuring Instrument* on the display device 14 (step S73). 
[021 Q In th^ case, a grayscale srage consisting only of red color, for exarr^le, is displayed on the display device 
14, and the user It is measures color values for the red color display using a mecisurirtg instrument (not shown), as an 

20 example of the dl^Iay calibration information coiJection unit 1 1 8, in accordance with the guidance message (step 374). 
(021^ The color displayed on the display device 14 is usually measured in terms of X value, Y value, and Z value 
on the CIE XYZchromaticity diagram (see Figure 53), In addition to the CIE XYZ values, values used to describe colors 
irtolude. RGB, xy. uv, and uV. but all of these values can be derived by linear conversion from the CIE XYZ values. 
[0220] In this way, display calibration Information as color calibration data is collected through the display calibration 

25 information collection unit 118 (step S75)- 

[0221] By measuring several representative colors, such as blue, green^ white, gray, and black, in addition to red, 
and obtainkig their XYZ values, calibration can be perfomied relating to the tCC profile Ip. etc. o1 the display device 14 
[0222) Accc^ng to the display caiibratlon system 100 of this embodment. it a measuring instximent is available, 
the user 116 can collect dala (measurement data taken by using the measunng instrument) necessary for the color 

30 calibration of the display device 14 by having a calibration image based on the caiibratlon data 108 displayed on the . 
display device 1 4 via the network 1 04. 

[0223] in this way, the user 11 6 of every client 106 connected to the network 104 can perform caJIbration relating to 
the ICC profile Ip, etc of the display device 14 at the client 108 based, for example, on the same calibration data 108. 
[0224] The ceU^ratlon relating k> the ICC profile Ip, etc. of the display device 14 can be performed without using a 

3S specialized measuring Instrument 

(0225] In this case, as shown, for example, in Figure 31 , the dot pattern image 46 consisting of black pixels and non- 
black pixels {in this example, a checkerboard dot pattern image with a white/black ratio ctf 1 : 1 ) and the grayscale pattern 
image 42 consisting of a pluraOty of grsyscale patches 44 (44a to 441) of varying tonal densit»& are presented tor 
display, along such guidance messages as ^Compare the top arxt bottom images*, "Which bottom Innage appears 

^ closest to the density of the top image?", and "^ou can easily tell if you \ook at the screen from a distance. * 

[0226] As explained with reference to Figure 55, the luminance B of the di^lay device 1 4 exhblts a irght-emlasion 
pattern that follows the gamma charac^ristte With a gamma value of l .0, the luminance of the whita/black dot pattern 
image 46 would become equal to that of the grayscale patch 44 having the Intermediate gray cobr ((R, G, B) zi (127, 
1 27, 127)) in the grayscale pattem image 42. However, since the gamma value ol a CRT disptay or the like is greater 

45 than 1 .0, the lurnhnance of the whiteyblack d<^ pattern image 46 becomes equal to that of the grayscale patch 44 having 
a gray cdor lighter than the intermediate gray, Accont;fingly> the gamma characteristic of ihe display device 14 can be 
obtained by selecting, using the keytx^ard 1 6, etc., the grayscale patch 44 that matdiesthe luminance of the dot pattem 
image 46 In other words, the user 116 has only to operate the client 106 to answer the question in accordance with 
the guidance and the Images 42 and 46 displayed on the display device 14; then, data relating to the ICC profSe Ip of 

so the display device 14 is collected by the display calibration biformation collection unit 118 of the client 108. 

[0227] if the display device 14 has a relatively high resolution, an artifact called moire may appear on the display 
due to the interterence between the frequency of the whfte^lack dot pattem image 46 and the drawing frequency. The 
occurrence of moR-a may Impair the accuracy of the visual comparison work of the user 116. To av^ this, the dot 
. pattem Image 46 is generated not on a dot-by*dot basis,.but in bkxks of two dots (for example, when contiguous two 

^ dots at the attention point aie white dots, contiguous two dots horizontally and vertically adjacent to the wh ite dots are 
displayed as black dots) or In blocks of thrde dots, while hokiing the white/black ratio at 1 :1 , in other words, in the so- 
called checkerboard pattem Since this causes the dot frequency to shift from the drawing frequency, no Interference 
occurs, and the measurement can be performed without the interference of moire. 
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r022S] While us-»ig larger dots can prevent lha occurrence of moire. » the dot size becomes too large, it becomes 
cUfflcJl to pertonn a comparison with the grayscale patch 44 S\ncB the comparison with the graj^le patch 44 can 
be accomplished easier as the dot size of the dot pattern image 46 becomes smaller, it is *f ab'e not to mate the 
dot size larger than necessary. Therefore, by checking the resolution or diawlns frequency of the deplay devica 14 ir> 
e advance arS^by specifying the appropriate dot size, the comparaUve rmeesorement canbe performed usmg the smallest 
DossiWe dot size that does not taduca the occurrence of moire. 

^01 Since dot size is proportional to the resolution of the display device 14. the block size may be vanedjn ac- 

Urtance vMith the lesolution of «he display device 14 The resolutions of common displays '^^f«- ^^^'"f "9 

device 14of the computer 10. include VGA (640X 480), SVGA (800 x 600). XGA (1024 X 768). SXGA (1280 x 1024). 

JO file 

r0230! A pIuraBy of image data with different block sizes for different resolutions are stored as the calibration data 
108 in the profile creation appatatuses 21. 22. and 23, the data are stored in the pattern image data holding unit 30. 
r02311 TtieuserllScanthusseiectthebkxksizeappropilaletatheresolulksnofthedlsplaydevicoM 
roaaal Wnen the display devtee 14 tea CRT display, as descrtoed above. sfrMsethediawing frequency in ttieborizonte^ 

ts direction is higher than that in the vertical direclton. the color luminance leMl may drop In the <»« of »» "naQ*. 6"^ 
as the dot pattern image 46. that is complex in the hoiizontal direction - In such cases, the str^ pattern image 50 
schemaltally shown in Figure 32. consisting only of tow-frequency horizontal lines eJrtiwnely low fr«J"«»^ 
horizontal direction, is used Inetead of the whitert)lack dot pattern Image 46. In the example d l^igure 32 also, the »*iite 
and black horizontal lines are identical in thickness (which nwans that the ratto between the bfaok pixels and white 

SO oixels in the stripe pattern iriBge 50 is 1:1). ^ ... , , . ■ 

[0233] On the other hand, when the display device 1 4 is a liquid crystal display device or the like, the luminanee level 
sektom drops tf a hwizontally complex pattern image is displayed ^u. ^ m^^-,a 

r02341 It is therefore preferable to select the image pattern according to the type d *e display device I4^8uch ^ 
ttie stripe pattern Ima^ 50. when the cfisplay device 14 is a CRT display, and the checkerboard tid pattern image 46 

ee In the case erf a Bciold crystal display device or the ia<e. ... ,- ^.v.« 

102351 AS described dbove. &> the display calibration system 100 shovwi in Figures 28 and 29. by responding to the 
auestkxi in the guklance message while viewing the Images displayed on the display device 1 4 of the client 1 06. the 
^r 116 can collect Infonnatton representing the characteristics of the display device 14. on which the dot pattern 
rmaoe 46 and the pattern bnage 40 are displayed, without using a specialized measuring instrument. In this rase, the 

30 calH^fcxi data us^ to obtain the Wormalion (calibraBon information) relating to the display device 1 4 need not be 
heM atthe eSenl 1 06. but has only to be heW in the caiibration data hoWing unit no at the server 1 02, and the caitoradon 
of the display device 14 at eveiy client 106 can be performed using the same calibration data 108 

[02361 Tl» display calibration system 100 shoWi in Figures 28 and 29 has been described for the case ^^^^^ 
callbralk>n of the diMlay devica 14at the client 106 is performed by connecting the server 102 and the client 106 via 

3S the network 104. but the present hventton Is not limited to the system cwwisting of the sewer 102 and cnents 108 
connected via the network 1 04; for example, the Inventton is also applfcable to a system where personal computers, 
one as thefiist equipment and the other as ihe second equipment, areconnected viathenetwori< 104. This also applies 
to the ombod'menls hereinafter descrtoed. . i. 4- .-i^..„. oo 

ro237l Fiaures 33 and 34 show the conftguratkso of yet another embodiment of the present taventioa Figure 33 

40 illustrates the conceptual configuratton of a display callbratton system 120, and Rgure 34 shows a specific acample 
of the configuiation of the display calibratton system (designated by the same reference numeral 1 20). 

f02381 To avoid complicatkjn, in the display calibiatlon systems hereinafter described, inchiding the one shown m 
Figures 33 and 34. elements corresponding to those of the above^Jescribed display calibration ^em 100 are dee- 
icinated by the same reference numerals, and detailed descrptksns of such elements will be omMed. 
4S [^9] The display caiibration system shown In Figures 33 and 34 comprises a sen«r 102 and one Ormore clients 
106 connected to the server 102 via a network 104. .. . . , »^ 

r02401 The server 102 includes a calibralJon data holding unit 110 lor holding therein caiawation data 108 relating to 
the ICC profile Ip of the display devica 14providedat each client 106, aprofile holding unin22forhol<^ 

profile the ICC profile Ip (see Figures 61 and 52) as a CMS framework for cotor appearance matching, a proIHe rnod- 
60 mcation unit 124 for modifying the tCC profile ip. and a transmitting unit 112 and receiving unit 126 for perfomthg data 
transfers to and from the client 106 via the networV As earlier described, the ICC profile Ip is used, for example, m 
ICMlO in the Windows environment and in ColoiSync 2 0 in IhGMacftiioshenviionmenL 

l«4li On the ottier hand, the client 106 includes a receiving unit 114. a display control unit 31 . a display calibration 
infom«tkjn coilectton untt 118. and a transmitting unit 1 28tor transmitting the data, collscted by the display calibration 
55 information collection unit llSard relatingtothelCC profile Ipof thedispley devta© 14. as display calibration information 
to the server 102 via the networit 104. -u i .i.- 

[0242] Operation ol the display caUbratfan system 120 of Figures 33 and 34 will be descnbed ^"ffMf ^^tem 
120, the profile modlfteation unit 124 at the sen/er 102 modifies the ICC profile Ip based on the ICC profile Ip heW in 
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Ihe profit holding unit 1 22 ai the server 102 and on the data supplied from the display cat toratibn collection unit 118. 
Th6 n^dfied ICC prc^ile Ip is sent to the client 106 as an ICC profile Ip specific to the display device 14 on which the 
measurements were taken. By Incorporating this ICC profile Ip into the display control unit 31 , the cUent 1 06 can match 
color appearance between images displayed on the display device 14 and images output on a drtferent mr^age input/ 

s output devece; such ae a printer, not shown. ' ... ^ » * -.i- 

[Q243] Next, the <^0ration of the display calibration system 120 of Figures 33 and 34 will be described in further 

detail wim reference io the flowchart diagramnnaticaHy shown In Figure 35. ^ , 

[0244] First, the cafibrationdata 108 held in the calfcration data holding unft 110 at the server 102 is transmitted from 
the tr^smittlng unit 112 to the disptey control unit 31 vlath8netwo(1cl04and via the receiving unit 114at the client 

1C 106 (step S81). . ^ . ^. - 

[024S] Next, at the dient 106, the ckrt pattern image 46 and grayecale pattern Image 42. as pattern images based 
on the calibration data 108. are dfeplayed on the display device 14 along with a guidance noossage (question) (see 
Figure 31). and the user 116 responds to the question using the keyboard 16. etc, while viewing the displayed frnages 

IS [W'^^ This response is coflected as display calibration information by the display calibration Infonmation coHectiort 
unit 118, and the resulting display caUbration Infomnation^ is imnsmitted from the transmitting unit 128 to the profile 
modrficatJon unit 124 via ^e netwofk and via the vec^ivitxQ unit 1 26 at the server 102 (step S83}, 
ro247J Upon receiving tie display caiibration information, the server 102 activates a profile modiTicatfon program 
and modifies the content© of the iCC profile Ip by caJculatkig the gamma chajacleristic. etc as previously doecrfbed 

£0 (etepS84). 

[02481 The modified ICC profile Ip is stored in the profile holding unit 122 by being associated with the cfeplay device 
14 ol the client 106 and, at the same time, is transmitted from the transmitting unit 112 via the nelworii 104 to the 
receiving unit 114 at the client 106 fo?- incorporation into the display control unit 31 (step S85). 
r024Sl In m*is way, ui the display calibration system 1 20 shown in Figures 33 and 34. the iCC profile tp the display 
2S device 14 of the client 106 cart bo obtained at thectiem 106. though neither data northe modification program relating 

to the ICC profile Ip.is held at the client 1 06. . ^ w ^- * * 

[02501 Figure 36 shows the conflgurailon of a display calibration system 1 30 according to a further embodiment of 
the present invention. Tha display cafibratlon system 130 differs in conHguration from the display caJibratran system 
120 shown m Figure 34 In that the profile holding unit 122 for holding the ICC proniB Ip is provided at the client 106. 

30 not at the server 102. ^ ..^ ^ 

[02511 In Ihe display calibration system 1 30 of Figure 36, the ICC prafii© Ip held as a reference profile at the dient 
108 is sent to me sewer 109 along vi«h the collected display caltoration ffifomnatipn. At the server 102. the profile 
modification unit 124 modifies the ICC profile Ip, and the modified ICC profile Ip Is sent back to the cfient 106. The 
modified profile Ip as a new reference profile is not only incorporated Into the display control unit 31 . but is also held 

SS in the profile hdding unit 122. i^^^u.^ 
r02S2] The display caSbration system 1 30 of Figure 36 has the advaitage that the sender 102 need not to hold the 
ICC profile Ip corresponding to each client 106, and yet the senrer 102 can update the ICC profile Ip previously gen- 
erated for each specific dlent 106 and already used by that client 106. 

{0253 J Though not shown here, in the display caRbration system 1 30, the profile holding unit 1 22 may also be provided 
at the server 102. liice the server 102 in the display calibration system 120 of Figure 34. In that case. If the ICC profile 
Ip held at the server 102 or the client 106 is comipted unpredictably the profile can be restored using the other ICC 

profile Ip. ^ * w .1- 

[0254] In the disptey calibration systems 1 20 and 1 30 shown in Figu r sa 34 and 36 where data are transferred in bc«h 
directions, tfie internet, a collection of interconnected networks all using the same protocol and same addressing sche- 

4S ma. is used as the network 104. ^ . , . . u*. 

- (Q2S51 In an exarr^rfe using the internet, a World Wide Web (WWW) sender (hereinafter also referred to as an http 
server) Is used as the server 102 that sends data to the chent 106, 

[02661 In that case, the calibratfon data 108 held h the calibration data holding unit 110 is written using a WWW 

pf ogramming language, such as HTML (hypertext markup language) or Java. 
so [02S71 Figure 37 shows the calibration data 108 in the form of an HTML source program for displaying an image 

consisting of the guWance message and the dieckerboard dot pattern image 46 and grayscale pattern image 42 shown 

in Figure 31 When this source program is stored as the callbratksn data 108 al Ihe server 102 as an http server, the 

user 116 can display an image based on the calibration data 108 shown In Figure 31 on a WWW browser such as 

Netscape Navigator or internet Explorer by accessing the server 102. 
ss [02581 The sen/er 1 02 as an http server takes as display calibration information the response thatthe user 116 sends 

by viewing the image display^ based on the calibration data 108. and modifies the existing ICC profile ip using the 

profii© modification unit 124 ^. .-^ « , » 

[02S91 In a system usfrig the Internet, electronic mail (E-maiO is used as a method of sending the ICC profile Ip to 
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the client 106 at the user 116 In this case, the functions of two servers, an http server for tfie WWW and a mail server 
(hereinafter called the SMTP server) for transfening mail, must be incorporated in the server 102. Of course, the http 
server and the SMTP server may be configured as different servers between which data are transferred. 
[0260] In the display calibration system (designated by reference numeral 120 or 1 30) using the Internet, when the 
5 client 106 accesses the seiver 102 as m http ©en/er by using-e WWW browser, the server 102 sends the ICC profile 
Ip by etectrohb mail to the E-mail address ol the client 106. The client 106 extracts only the ICC profile Ip trom the 
received electronic mail and incorporates (Installs) it Into the di^lay control unit 31 , etc. 

[0261] In the display canbralion ^sterns 1 20 and 1 30 shown fn Figures 34 and 36. the ICC profile f p Is modified and 
generated at the senwr 102, but the configuration ie noi limited to the above example. Rathei; the system may be 

70 configured m other ways, such as the display calibration system 1 32 shown In Figures 38 and 39. 

[Q262] In thie example, the server 102 sends the calibration data to the client 1 06, along with the sou rce ICC profile 
Ip and a profile gener^lon program, thereby enabUng the profile modification unit 1 24 at the client 1 06 to generate an 
ICC pfoflfe Ip The proffle getieratlon program is wrttten using, few example, Java >Milch is a programming language 
suited to the Internet WWW envfronment The generation program is heW at the server 102 as a WWW senrer. and 

IS the generation program Itself, using Java, is sent to the client 106 ai the request of the client 106« thus enabling the 
profile generaticwi program to t>e njn on the CPU (not shown) of the cfient 106. 

[0263] In the above configuratfon, the display calibration infonmation data for opeiating the profile modlTfcation unit 
124 which is rnplementsd by the profile ger>eration program need not b6 sent to the server 102 via the network 104, 
elgninating the need to use the CPU of the server 102 for profile generation and thus aneviating the burden of the 

20 network 1 04 as well as the server 102. 

[0264] More specifically, as shown in the flowchart ol 40, ri the disptey calibration system 1 32 shown in Figures 38 
and 39, the ICC profile Ip. protile modrficatton program, arKJ calibration data 108 are sent from the server 102 to the 
client 1 06 (step S91 ). and the user 11 6 enters his response to the guidance message while viewing the image displayed 
based on the calibration data (step 892). Thereupon, the profile generation program Is executed at the cUent 106. and 

2S the piDfife modification unit 124 mocfifies the ICC profile Ip based on the resuft of the user's re^nso (step S93). 

[02^ As earlier noted, Java can be employed as a programming language. On the Internet, a distributed data 
emdronment Is realized. Data ie hetd at each server 1 02, and data te transmitted at the request of the user 116 Java, 
developed as a network communication programming language, permits a Java program held al the server 102 to be 
sent to the user 116 atong with the data requested by the user 116 so that the program pan be run on the client 106. 

30 the cc^nputeratthe user 116 

[0266] The ICC proHle Ip rray be heW at the client 106. An example c^ such a display calibratiort system 134 is shown 
In the btock diagram of Figure 41. In the example of Rgure 41. the sen/er 102 sends the calibration data 108 to the 
client 1 06 along with the profiie generation program, and the client 1 06 activates the pt oflle modrrcation unit 1 24 based 
on the profile generation program and modfles the ICC profile ip based on the ICC profile Ip held In the profile holding 

ss unit 122. 

[0267] In ICM 1 -0 lor WUidowB 95 or Windows 98. ICC profilesr Ip are stored In the predesignated systenrnrelatBd 
folder <C:\Wihdows\System\Cotor)- This is the same for ColorSync 2.0 for Macintosh, 

[0268] In view of this; in a display camMation system 136 accorcfing to a still further embodiment of ttie present 
invention shown in Figure 42. an instad unit 138 is provided by whfch the ICC pran^ Ip modified by She pfoBle modifi- 
40 catton unit 124 at the client 106 is automatically kistalled 6n the predesignated systenxelaled folder, saving the user 
1 16 the trouble of installing It hlrriseJf 

[0269] Figures 43 and 44 show the configuration of a still further embodiment of the present invention. The display 
calibration system 140 shown here is configured so that the usei' 116, based on the calibratfon data 108 sent from the 
server 102. can directly adjust the contrast, brightness, color temperature, convergence, monlte» distortton..ando4her 
4S paraneter s that have significant effects orl the display color of the display device 14. such as a CRT display, provided 
at the client 106 

[0270] More specifically, this example aims at achieving a certain degree of color appearance matchsag. not by using 

the ICC profile Ip, but by generalizing the settings the display device 1 4 relating to the ICC profile Ip. 

(0271] The operation of the display calibration system 1 40 wll be descrfced with reference to the flowchart of Figure 

so 45. First, the server 102 sends the calSsration data 108to the client 106 (step S101 ). 

[0272] The display control unA 31 presents the guidance and images (the dot pattern image 46 with a white>black 
fatk> of 1 1 and the grayscale pattern ^nage 42 (grayscale patches 44a to 44i)) based on the calibratksn data 1 08 for 
display on the display device 14, the guidance containing messages "Compare the top and bottom images,** "Adjust 
the display contrast so that the thffd patch from right In the.bottom grayscale iff«ge becomes closest In density to the 

«s top image." and *You can easily teH if you took at the screen from a distance," as shown In Figure 46 (step S102) 
[0273] In accordance with the guidance, the user 116 sets the contrast adjusting control (button), etc (not, shown) 
so that the third grayscale patch 44 from nglit appears the same in density as the dot pattern image 46 (step S103) 
[0274] When all clients 106 connected to the networtc 104 have thus caiibraied the respective display displays 14 in 
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accordance wrlh the calibration date 1 08 sent from the server 1 02, the color output of every dispfeiy device 1 4 becomes 
substantially the same. 

[0275] In the display caiaDration system 1 40 of Figuroa 43 and 44. since the I CC pr ofile ip is not used for the cal ibration 
of the display device 14, a certain degree of color appearance matching can be achieved in MS-DOS, UNIX, and other 
s OS environments that do not support the ICC profile Ip. 

{027E] That is, the dlsp^y cal&ratipn system 140 can be applied to any client 106 connected to the network 104, 
regardless of the OS. eincD the display sellings are adjusted using the conlrol features provhded in the cfisplay device 
14 itself and wf^oul creating the so-called cfewie profile. 

[0277J When the d&play device 14 is. for exarriple, a CRT display, the phosphors used therein deteriorate with tme. 
ia degrading the crispness of displayed color. That is, the color that the display device 14 produces varies over time- 
Therefore, perloiming the calibration of the display device 14 (the acguatment o1 the ICC profile Ip or the adjustment 
of conuast. etc .) only once is not sufficient, but recalibralion must be performed periodical V to compensate for variations 
In the characteristics of the display device 14 over time. 

[027B] Figures 47 and 48 show the configuration of a display callbratton system 142 which permits the user to pari- 
ty odicaify update the profile of the display device 14 of the client 106, 

[0279] In the cfisplay calibration system 142, the server 102 Includes an internal clock 148 as a clock means, and 
date/time information generated by the siternal clock 1 48 Is supplied to a califaration data/time Information holdnng unit 
144 as vifeil as to a notification unit 146. The cafibraiion dateArme information holding unit 144 holds therein a man- 
agement table 150 or a management table 152 such as shown in Figure 49 The management table 150 consists of 
so a previous calibiation dateAime storing section 163, a next calibration date/tlmo storing section 154 for storing data 
Indicating the date and time of the next calibration scheduled to be performed after the elapse of a predetennined 
period (predetermined time) from the date and time of the previous caltoratlon. and a mail address storing section 1 55 
for storing the mail SKjdress erf the target client 106; the management table 152 consists of a next calibration dateAime 
storing section 154 and a mail address storfng section 1 55 for storbg the mail address of the target client 1 06. 
[0280] The operation of the disptey calibration system 1 42 ol Figures 47 and 48 will bo described with reference to 
the flowchart shown in Figure 50. 

[0281] The ca«3iBtlon dateftlme information holding unH 144 of the sewer 102 comparee the next cafibratlon date 
and time stored In the inanagoment taWe 150 or 152 with th© present date and time supplied from the Internal clock 

148 (step S111). ^ . ^ ^ ^ n 

50 [02azj When the predetermined period has elapsed from the prex^s calR?ratlon dale and xwna and the next can- 
bratwn date and time has become equal to the present d^e and time, the nolftcalton unit 146 refers to the mall address 
stored in the storing section 1 55 and notTtes the cBenl 106 of the arrivai of tinrw to calibrate the display (step 811 2). 
[0283] When a request Is returned from the client 106 in response to the notfficatton, the servoi 102 transmits the 
eaiairation data 108 to the client 106 (step 8113). stores the dale aftd lime of the transmission as now cafibratlon date 
3S and lime in the storing section 1 53, and updates the conteiits of th© storing section 1 54 by acfcling the predetermined 
period to the new calfcrallon data and time and thus creating the next caltocation date and time data (step S114). The 
user 116 perfonns th© calibration using the Image displayed based on the calibration data 108 (step S115), 
[0284] In this way. In the display calibratfon system 142 of Rguras 47 and 48. data Indicating the date and time of 
the ICC profile Ip generated at each client 106 is held at the sen/er 1<K and. when a predetemfiinad period has elapsed, 
^ a nolfflcation is sent to the corresponding client 106, urging it to perform the cafibratlon of the dteplay device 14. The 
client 1 06 creates the I CC profile I p m accordance with this notification, to eliminata the effects of display deterioration 
overtime. * 

[0285] Though not shown here, a configuration that permits the user to periodically adjust the contrast, etc. of the 
display device 14 can also be accomplished by replachg the display calibration Information collection una 118 at the 
45 client 106 by the display device 1 4 and by making provisions to send the calibratton data from the display control unit 
31 to the display device 1 4 (see Figure 44) 

[0286] Electronic maH ie preferably used as means for notifying the client 106. ElecUonic mall is the most comrhcnly 
used notifteation moans on the Internet. The E-mail address of the user 1 1 6 is stored in advance as the mail address 
of the client 106 and, when a predetermined period has elapsed, a mail message urging the user to perform the rec- 
so allbration of the display device is sent to 1h© E-mai) address. The E-mail address of the user 1 16 as the administrator 
of the display device is contained in the di^fey callbralion »ifonmation and is fetched from the client 1 06 when the user 
performs an operation on the display callbralion inforrriation cdiectlon unit 118 

[0287J In this case also, the WWW Is used to display the calibratioft data 108, as explained with reference to Figure 
30 The WWW realizes a multimedia display environment such as images, voice, characters, etc. WWW browsers are 
ss available for variojs platforms including Windows, Macintosh, and UNIX and. by writing the calibration data 108 with 
a WWW programming language such as HTML & Jaya, aS the clients 1 08 connected to the Intemet can be supported 

across different platforms. 

[0288J An example of the calibration data 108 held at the server 102 will be briefly described here. The contents of 
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the calibration data 1 08 are substantially ths same as the contents a* the d&ta held \n the pattern Image data holding 
unit 30 and grayscale ^nage data holding unit 32 in the profile creation apparatuses 21 . 22, and 23 (Frgures 2. 14. and 
1 5). and the details wifl not be given here, but briefly, the sender 1 02 is configured to send the best suited caiforatwn 
data according to the type of the display device 14 provided at the client 106. 
s ' - [0280] In an embodiment of the present invention, by cfisplayr^g on a display device a pattern image cpnsislHig of a 
pfuralHy of colors and a grayscale image consisting of a shgle color, there is achieved the effect that based on the 
displayed images, the input/oulput characteristic, I e . the electro-optical conversfon characteristic, of a so-called dis- 
play such as a CRT display c>r a liquid crystal display can be measured and calculated in a simple manner at the user 
side 

10 £02901 Purther. in an embodiment of the present invention, a pattern image consisting of a plurality of colors and a 
grayscale image consisting of a single color are dispiayed on a display device and, based on the displayed Images, 
the hput^outpul charaicteristic of the display is obtained, and the profile of the display is cieated based on the thus 
obtained Input^output characteristic This achieves the effect that the piotile relating to the color appearance of the 
display device can be created by the user wfthout using a specialized measuring instnjment 

IS ro291] Furtbefmore, in an embodiment of the present invention, since the system Is configured so that calibration 
data is sent from the first equipment to the second equipment via a netvwork, adjustments relating to the display profile, 
etc can be easily made by the user at the second equipment without the need to get sp^ially prepared ref Sf ence data 
[02^] The invention may be embodied f n ottier specific forms vwthout departing from the spirit or essential charac- 
terist PS thereof. The present embocBments are therefore to be considered in all respects as illustrative and not restfic- 

20 live, the 6c<^e of the invention being Indicated by the appended claims rather than by ms foregoing description arid 
aJI changes which come with^ the meaning and range of equivalency of the claims are therefore mtencted to be em- 
braced therein. 

ss ctalms 

1 . A terminal configured to sffnuftaneously display on a display device; 

a pattern image region consisting of first pixels of first luminance and second pixels of second luminance In 
so prescribed prc^rtlons to provide prescribed lunranance by an average luminance value taken over said first 

and said second pixels: and 

a giayscele image region consisting of pixete of unitomi luminance 

2. A terminal as claimed in claim 1. wherein said grayscale image iQgxm is subdivided into smaller regions each 
3S having different luminance- 

3. A temtlhal as daimed in claim 1 or 2, wherein there is regular ity in the arrangement of said first and said second 
pfxele in said pattern image region. 

40 4. An input/output chaiacterlstic measurement method tor a display device, conrtprising: 

a displaying step for simultaneously displaying on a display devico a pattern image consisting ot a plurality of 
coJofS and a grayscale image consisting of a single color lyhg between sard plurality ol colors; and 
an input/output characteristic deriving step for obtaining an input/output chaiacteristic of said di^iay device 
4s based on the display d said pattern image and sakJ grayscale Image 

5. An input/output characteristic measurement method for a dispiay device as clarned in claim 4, wherein In saM 
displaying step, ... . ■ - 

60 said pattern Irmge is displayed as an image consisthg of first pixels of first luminance and second pixels of 

second luminance in prescribed pic^ortions to provide preserved luminance by an average luminance value 
taken over said first and said second pixels^ and 

said grayscale image is displayed as an image consisting of pixels of uniform luminance- 

55 6 An mpuVoutput characAeristfc measursmant me^od for a dsplay device as claimed in claim 4 or 6. wherein the 
inputA)utput characlefistte obtained in said input/output characteristic deriving step Is a gamma characterislk:. 

7. An input/output characteristic measurement method for a display device as claHned k\ daim 4» wherein in said 
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dispiaying step, 



said pattern Image is displayed as a stripe patlorn Image consisting of lines of first pixels o* first lunninance 
and lines o( second pixels of second luminance, said lines running parallel to the horizontal scanning direction 
5 of the screen of said display device, and 

said grayscale image is cSspiayed as an image cor^istirig of pixels of uniform luminance- 

8. An input/output characteristic calculation apparatus for a display device, comprising: 

• • * 

10 a display device for disptayoig Images; 

pattern Image data holding nreans for holding as data a pattern Image consisting of first pixels of first luminance 
and second pixels ol second luminance in prescrit>ed proportions to provide prescrltJed luminance t>y an av- 
era^ lumsiance value taken over said first and said second pixels; 

grayscale image data holding means for holding as data a grayscale bnage cortsisting ol pixels of unllomi 
IS luminance; 

display control means for reading out said pattern image data and eaid grayscale image deto from said pattens 
rnage data holding means and said grayscale image data hofding means, and tor simultaneously presenthig 
said pattern image and said grayscale image for display on said display device; and 

input/output characteristic calculation means for obtaining an inputtoutpul characteristic of said display device 
so based on the simultaneous display of said pattern Image and said grayscale Image. 

9. An input/output charactsristic m^surepnent apparatus fora display device as daimod In claim 8, wherein the input/ 
output characteristic obiasned by said inpuVoutput characteristic calculation means is a gamma characteristic. 

«s 10. An Input/output characteristic calculation apparatus for a display device, comprising: 

a display device for displaying BTtages; 

pattern image data holding nneans tor holding as data a stripe pattern image consisting of lines of first pixels 
ol first luminar«;e and lines of second pbcels of second luminanco. said lines running parallel to the hot izontal 
so ecanning directicwi of said display device; 

grayscale image data holding means for holding as data a grayscale irrwge consisting of pixels of uniform 

luminance; 

display contrpl means for reading out said pe^em Image data and said grayscale In^age data from said pattern 
frnage data holding means and said grayscale image data holding means, and for simultaneously pr esenling 
as «aid stripe pattern ^ge and said grayscale iiT»ge for display on said display device; and 

input^output diaractenstlc calculation means for obtaining an input/output characteristic of said display device 
based on ^e simultaneoua display of said pattern image and said grayscale image 

1 1 . A profile creation method for a display cievice. comprising: 

40 

a displaying step for sirmjitaneousfy display tfig on a display device a pattern Image consisting of a phiraiity of 
colors and a grayscale image consisting of a single color lying between said pluraJily of colors; 
an input/output characteristic deriving step for obtaining an input/output chacactedstic of said display device 
based on the display erf said pattern image and said grayscale irriage; and 
46 a profile weatlon step for creatfrig a profile for said display dev^e based on said obtained Input/butput char- 

acteristic 

12» A profile creation method for a display device es claimed in claim 1 1 . wherein in said displaying step. 

so said pattern Image is displayed as an image consisting of first pixels of first luminance and second pixels of 

second luminance in proscribed proportions to provide prescribed luminance by an average luminance value 
taken over said first and said second pixels; and 

said grayscale image is displayed as an image consisting <^ pixels of unifomn (uminartce, 

ss 13. A profile creation method tor a display device as claimed In claim 11 or 12. further comprising a color gamut 
fhformallon holding step for holding color gamut information indicating the range of colors reproducible on said 
display device, and wherein*- 

said profile creation step creates. said profile based on said input/output characteiisticand said color gamut 
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Information 

14. A proffle creation method for a display device as claimed in claim 13, Vi^ereln 

aakJ color gamut inlormation fwWmg step holds color gamut infofmatfon (or a pluralfty ot representative dteplay 

devices and 

Bald profile crealk^i step selects color gamut infomnatfon corresponding to said display device from among 
said color gamut information held for said plurality of representative display devices, and creates said profile 
based on saW selected color gamut intotmation and said input/output characteristic. 

15. A piofile creation method tor a display device as claimed in any one of claims 11 to 14, whet ein the input/output 
' characteristic obtained fri said input/output characteristic deriving step is a gamma characteristic. 

16. A profile creat»n apparatus for a display device, comprising 



a display device for displaying images; 

pattern image date hokfing means lot holding as data a pattern image consisting oi a pluiBlrty of colons; 
grayscale image data hoicfeig means for holding as data a grayscale Image consisting of a single color lymg 
between safclpiumlrty of colors; * ^ ». 

so display control means for nsadlng out said pattern image data and said grayscale Image data from said pattern 

Image daia holding means and sad grayscale image data holding means, and for simultaneously presenttng 
said pattern Image and said grayscale image for display on said display device: 

Input/output chaf^eristic calculation means for obtafriing an inputA)Utput characteristic of said display device 
based on the display of said pattern frmge and said grayscale Image, and 
^5 profile creation means tor creating a profile for said cfepiay device based on said obtained input/output char- 

acteristic 

17. A profile creation apparatus for a dl^lay device as claimed in claim 16, wherein 

50 eaid pattern Wiage is displayed as an imago consisting of first pixels <^ first luminance and second pixefe of 

second luminance in prescribed proportions to provide prescribed luminance by an average Iwminance value 
laKen over said first and said secoTKt pixels, and 

said grayscale Image is displayed as an Image consisting of pixels of uniform luminance. 

3S ia A profile creatton apparatus for a display device as clakned in ciaim 16 or 17. further comprising color gamut 
information holding means for holding color gamut information indicating the range of colors reproducible on said 

display device, and where&i: ^ _ , 

said profile cr^ion means creates said pixrfile based on said inputtoutpui charactenstic and said color gamut 

infonriHtion. 



19. A profile creaUon apparatus for a display device as claimed in claim 16 orl7 wherein 

color gamut information for a plurality of representative display devices is held as said color gamut intorrnaiion. 
and 

45 said profile creation means selects color gamut hfonnatlon corresponding to said display device from among 

said color gamut Womiation held for said pluianty of representative <flspiay devices, and creates said profile 
based on said selected coltM^ gamut information and said input/output characteristic 

4 

ao A profile creation apparatus for a display device as claimed in any one of claims 1 6 to 1 9. wherein said Input/output 
so characteristic obtained by said input/output characteristic caictilation means Is a gamma characteristic. 

21 A profile creation apparatus for a display device as claimed in claim 16 or 17. wherein said inpulA>utpat charac- 
' ter istic calculation means further obtains a gamma coefficient value, and calculates a plurality of input value versus 
output value roiatioris based on said obtained gamrr^ coefficiant value, and 
ss said presto creation means creates the profile of said display device by including therein said calculated input 

value versus output value relations 

22. A calibration method for a display device, comprising: 
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a calbratton data transmitting step for transnnming caltoratton data from first equipment to second equqpmenr 
via a network, said calibration data relating to a profile for a display device provided at said second equipment; 
a caraDfalfon (mage displaying step for displaying a calibration image and guidance based on said calBjration 
data on said display device at said second equipment; and 
5 a display calibration information collecting step for collecting data relating to ttie profile of said display device 

when an operation Is perfomr>ed in accordance with said guidance 

23* A cailbration method for a display device, comprising: 

TO a caia)ration data transmitting step tor transmitting calibration data from firBt equipment to second equipment 

via a network, saJd calibnation data being held at said first equipment and transmitted In relation to a reference 
profile heW at said fifst oi said second equipment and appHcable to a display device provided at said second 
equipment; 

a caK&ratfon onage displaying step for delaying a callbialion image and guidance based on said calibration 
15 data on said display device at said second equlpnnent; 

a display calijratlon infomnation collecting step for coitecting data refallng to the prof ilo of eaid display device 
when an operation is perfonmed in accordance with said guidance; and 

a reference profile modifying and holding et^ for modifying said refeiencd profile at said second equipment 
or at said first equipment based on said coRected display calibiatfon information, and for holding aakJ modified 
20 reference profile as a now reference profile at said first or said second equipment 

24. A calibralicyi method for a display device as dabrted in claim 23, further comprising a prollle irworporatbig step for 
autoimticaily incorporating s^ new reference profile held at said first or said second equipment In said reference 
profile modrfymg and holding step into a profile created in compliance with an ICC profile In a color management 
2s system at said second equipment . 

26. A calibration method tor a display device, comprising: 

a callfaratiqn data transrr^ming step for transmitting calibration data from first equ^meni to second equipment 
30, via a network, said caHbraiion data relating to a profile for a display device provided at safcJ second equipment; 

a caltoiBllon Image display^g step tor cfepteying a calibration image and guidance based on said calibration 
data on said display dev^ at said second equipment; and 

a cflsplay adjusting means ro-setting step for changing the setting of display adjusting means provided on said 
display devtee when said display adjusting means on said display devfcs is operated in accordance with sakJ 
3S guidance 

26. A ca%>ratkjn method for a display device as claimed in dafan 25, further corrprfsing: 

a calibfBfflon data transmission date holding step for holding at said first equipment data irxilcating the month. 
40 day. and year that said calfcration data relathg to the profile of said display device provided at said second 

equipment was transmitted from said first equipment to second equipment via said n^wortc in aaiti cali- 
bration data transmitthg step, and 

acalibraUon reminding notificatfon transmitting step for transrnittinga notification reminding said second equip- 
ment of the an ival of time to calibrate said display device, from said first ec^ipment to said second equipment 
4S via said network when a predetermined period has elapsed from said calibration data transmission dale. 

27. A calibration apparatus for a display device, comprising a network for data transmission, ffrst equqpment which 
stores and manages data, and s«x3nd equipment which uses tunctlona of eaid first equipment, wherein 

so said first equipment includes caBbration data holding moans for holding therein calibration data relating to a 

profile for a display device provided at said second equipment, and 

s^ second equipment includes said display device, display control means for conlrolling a display to be 
produced on said display device, and display calibration information collectcng means, and wherein, 
s^ display oont«>l means, upon detecting the arrival ci safcl calibration data transmitted frwn said first equip* 
S6 ment to safcf second equipment via network, displays a calibralion image and guWanco based on said 

calibration data on said display device at sakl second equipment and, when an operatton Is perfcumed on said 
display devkse in accordance with said guidance. sakJ display calibratkyi Information collecting moans collects 
data relating to the profile of saW display device based on said perfonned operation. 
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28. A calibration apparatus for a display device as ciaimecl in claim 27. wherein said first equipment further Includes 
profife hokftng means fof holding thereh a reference profile for said display device jwovkted at eaid second equip- 
ment. and a profite modifying means for nrradrfying said reference profiie, 

' said second equipment transmits the data relattng to the profile of said dispiay device, coliected by said display 
calibration Information collecting means, as display calibration information to said profile modrfying means at 
said first equipment via said network, and ...4. 
said profile modifying means rrKXiifies said reJerence profile based on sad transmitted display cahbratton 
inloiTnation. and said profile holding means holds said modified reference profile as a new reference profile. 

29 A caUbiation apparatus for a display device as darned claim 27. wherein said first equipment further aicludes 
" proni© modtfyins means for modifying the profile of said display device provided at said second equipment. 

said second equipmwrt further includes profile holding means for holding therein a reference profile for said 
IS cSeplay device provided at sa*d second equipment, 

when transmitting the cferta relating to the profile of said dhspJay device, collected by said display calibration 
Information collectrng means, as disptey calibration infomiation to said profile modgyang means at said first 
equipment via said network, eaid second equipment also transmfts said reference profile held fri safct profile 

holding meana, ^ , , ^ ^ ^ *^ 

20 said profile modify&ig means modifies said transmitted reference profile based on said Iransmftted cfisplay 

calibration intormaft'ion, and i^l^ 
said first equipment transmits said modified reference profile tosaidsecond equipment, and said profile holding 
means holds said modified reference profile as a new reference profile. 

* 

25 30* A calibration apparatus for a display device as clalmad in claim 29. further comprising profile incorporating mean© 
' for automatically incorporatfeig said new reference profile h^d m said profile holdoig means into a profile created 
In compliance wwth an ICC profile In a color management system at said second equipment. 

31 A calibration apparsAus for a display device, comprising a network for data iransmissk^n, first equipment which 
5a stores and manages data, and eecond equipment which usee functions ol said first equ'^ment. wherein 

said first equipment irtcludee cafibratlon data holding means for holding therein calibration data relating to a 
profile tor a display device provided at said second ec^ipment and 

said second equipment includes smd dsplay device, display control means tor controlling a display 10 be 
ss pt oduced on said display device, and disptey adjusting means, and wherein, 

said di^lay control means, upon detecting the anival of said calibration data transmitted Uom said first equip- 
ment to said second equipment vfe sakl network, displays a calibration image and guidance based on said 
calibration data on said <«splay device at said second equNament. and said display adjusting means Is c^rated 
fai accordarx^e with said gulctence, 

40 

32. A catibratwn apparatus for a display device, comprising a network for data transmfsston. first ec^^pment whfch 
stores arKi manages data, and second equipment which uses fundksns of saW first equipment, wherein 

said first equtf^ent includes calibration data hoWing means for hoWing. therein calibraiion data relating to a 
profife for a display device provided at said second equipment, calibtaiton data transmission date hoWing means 
4S tor holding therein dataindicat^g the month, day. and year aietsaWcaiibralton data was transmitted to said second 

equipment and caHbration reminding notification transmitting means for transmitting a notification renranding said 
sedond equ^ment of the amval of time to calibiate said display device, from said first equ^ent to said second 
equipment via said nelwori^ when a predetemitn ed period has elapsed from said calftnallcHn data transmieelon date. 

so 33 A callbratlOT apparatus for a display device as daimed 'm claim ^. wherein said first equipment further includes 
an electronic mail server for sending electronic mail, and ^ etectr<Miic maH address holcfing means for holding 
therein an electronic mail address of said second equipment, and 

eaid calibration reminding notlficatksn transmitUng means transmits said calibration reminding notification to 
sakl electronic mall adcfress via said electronic mail server. 
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34, A recordffig medium recording a progf»n for Implemwtting the steps of 

displaying pixels of first luminance and pixels of second luminance In prescribed propbrtions in a first region 
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• of a screen, and 

displaying a grayscale image consisting pixels of iinifonn Jumlnance iri a second region of said screen. 
35. A recording nnedium recording a program for irr»piementlng the steps of : 

5 

displaying pixels of first iuminance and pixete of second luniinance in prescribed proportions in a first regwn 

of a screen of an apparatus; „ . u 

dispiaying in a second region of said screen a grayscale aDage consisting of a plurality of smaller regrons each 
containing pixels of imifwn lumniance, the luminanc© varying from one snialler region to the next; 
10 determfriing wh Ich of said smaller regions has been selected from said grayscale inr^age; and 

calculatinQ an inpuVoutput characteristic of said apparatus in accordance with said selected snraller region. 
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